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INTRODUCTION

Ttie Water Pipit (Anthus spinoletta) is a Holarctic breeding
bird.

The species is divided into the spinoletta group, or Water

Pipits, and the petrosus group, or the Rock Pipits (Vaurie, 1959)*
The spinoletta group includes six subspecies, three confined to the
Palearctic and two to the Neararctic and one Holarctic race.
petrosus group is found in the Palearctic only.

The

The approximate dis

tribution of these subspecies, based on the A.O.U. Checklist (1957)
and Vaurie (1959); is shown in Fig. 1.
In the Neararctic, members of the spinoletta group breed at sea
level in the arctic tundra and above timberline in the western moun
tains up to 3;660 m (12,000 feet) as far south as Pecos Baldy in New
Mexico (A.O.U. Checklist, 1957?

Udvardy, 1963)-

The members of the

petrosus group in contrast, breed only at sea level along the coast.
Probably because of its remote breeding distribution - both in
altitude and in latitude - little information concerning this species
is available.

Aside from distribution records and short notes, only

seven major papers dealing with various aspects of its biology have
come to ray attention.
Johnson (1933) reported observations of one nest of A. _s_.
rubescens in Labrador.

Pickwell (19^7) gave details on adult be

havior and three nests of what was probably A.
Mt. Rainier.

pacificus on

Data on l4 nests is given by Sutton and Parmelee

(1 9 5 ^) as well as a discussion of survival problems on Baffin Island.
Irving (1 96 0 a) discussed nutritional conditions of pipits on arrival
on the breeding ground at Anaktuvuk Pass, Alaska, and Old Crow, Yukon

v2

;
Spinoletta group:
1.
2.
34.
6.

Pig. 1.

A. s.
A.
A.
A.
A.
A . 2."

rubescens
alticola
pacif icus
japonicus
coutellii
spinoletta

Petrosus group:
7*
8.
9-

A.
A.

littoralis
kleinschmidti
petrosus

Approximate breeding distribution of sub-species of
Anthus spinoletta, based on A.O.U. Checklist (1957)
and Vaurie (1959).

3
Territories.

Finally; Drury (1 9 6 I) reported on one nest from Eylot

Island, Northwest Territories, and discussed ecological relationships
between the pipit. Horned Lark (Eremophila alpestris), Lapland Longspur (Calcarius lapponlcus) and Snow Bunting (Plectrophenax nivalis).
In Europe, Gibb (l95&) studied food and ecology of

_s_. petrosus

along the coast of Cornwall and Eingleben (195T) dealt with migration
and habitat preference of A.
This thesis deals with A.

spinoletta in Lower Saxony, Germany.
alticola.

The study was con

ducted in an alpine environment during two consecutive summers from
l4 June to 21 September, 19&3 and from 12 June to 20 August, 1964.

THE STUDY AREA

The main study area was about 116 h (hectare) of alpine tundra
in Park County, Wyoming, around Lat. 45

and Long. 109°

30*W, on

the Beartooth Plateau, which straddles the Montana-Wyoming border
(Fig. 2).
The main topographic features of the area are shown in P i g . 3•
The names mentioned below are unofficial, but will be used throughout
the thesis.

The east side is flanked by Pipit Hill which at its

highest point has an altitude of ca 3,3^3 m (10,900 ft).
facing slope of North Hill (3,226 m;
boundary.

The south

10,502 ft) is the northern

In the west the boundary runs approximately along the edge

of the Plateau leading to Rock Creek Canyon.
is U.S. Highway 312.
(ca 3 , 2 3 2 m;

The southern boundary

The SW quarter is occupied by the West Hill

10,600 ft) which drops off steeply to the northern

half of the area, a low and moist valley, with the lowest point in
the west (ca 3,122 m;

10,24o ft) and sloping up eastward to the

saddle which connects Pipit Hill with the North Hill.

Along the

east side of the West Hill and the west side of Pipit Hill are areas
of snow accumulation, separated by the Central Ridge with an approxi
mate elevation of 3,195 m (lO,48o ft).

The range in altitude between

the lowest and the highest point on the study area is about l4o m
( 4 5 9 ft).

There is a small Pond between the highway and the Central

Ridge and another one. Glacier Lake, in the snow accumulation area
along the base of Pipit Hill.
The geological origin of the plateau has been discussed by
Johnson and Billings (I9 6 2 ) and the morphology of the soils is treated

ROCK

m

m

MONTANA
WYOMING

BEA RTO O TH
PLA TEA U
3338 M

GARDNER
BEARTOOTH
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area

U S HIGHWAY 312

Fig. 2.

General location of the study area.
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SNOW
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T
by Niralos and McConnell (1 9 6 2 ).
Climate
Ibe alpine climate is characterized by intense radiation, cool
air temperatures, great diurnal temperature extremes, omnipresence of
strong winds, and precipitation in the form of snow during almost any
month of the yearlittle wind,

A typical day begins with clear skies and very

ütoward 09:00 A M the wind begins to increase and small

clouds form in the SW where the air is rising over the Beartooth
Range-

Once over the range, the clouds dissipate again or keep

building up and form thunderheads-

Towards evening the wind sub

sides and the sky clears.
Climatic data for the I9 6 3 and 1 9 6 ^ field season is shown in
Tables 1 to 3the valley.

The anemometer and weather station were located in

The rain gage was located near our headquarters SE of

the West Hill.

The locations of all instruments are shown in Fig. 3-

Table h shows temperatures taken in 1964 at 5 cm above the ground at
two locations:
valley.

one on the west face of Pipit Hill and one in the

Ground level temperatures, as shown in Table 4, clearly in

dicate the extreme range of temperatures characteristic of the alpine
tundra and it also shows that the temperatures on Pipit Hill are
higher than in the valley.

In general the valley showed greater

temperature range on days with much wind, when the cooling effects
of these winds tended to keep the daytime temperatures of Pipit
Hill down-

The average overall ground level temperatures are 5*9 C

(1 0 . 5 F) higher than shelter temperatures.
Precipitation varies greatly from one month to the next.

The

Table 1.

Period

June 15-30
July
1-31
Aug.
1-31
Sept. 1-20

Table 2.

Mean
îfex
1963 1964

Mean
Min
1963 1964

11.0

8.8

-1.4

0.2

15.3
15.1

17.0
12 t7

3.2
1 .7

0 t2

11.2

..

Overall
Mean
1964
1963
4.8
9.3
8.4
5.9

3.9

0.6

4.6

1 0 .5
6 t4

—

Temperatures in degrees C.

Extreme
Max

Extreme
Min

1963

1964

1963

1964

16.1
20.0
18.9
18.9

16.1
20.0
1 9 .4

-5.0
“2.8
=5.0
-3.9

-5.0
-1 .7
-10.0
-

Precipitation and related climatic data of the Beartooth Plateau study area in I963 and 1964,
Precipitation in cm.

Period

June
July
Aug.
Sept.

Temperature records of the Beartooth Plateau study area.

15-30
1-31
1-^'31
1-20

Total

Rain

63

64

1.12
5.41

1.29
6.37

2.16

2 .3 7
1.83

Extreme
Max
63
64

Total

Snow

63

64

1.12 0.89
1.69 0 .8 1
0.41 0 .5 1

0 .9 7
0.51
0 .3 1

2.41

0.66

-

0.78
0.00

22.06

Extreme
Max
63

Days with
Thunder
64 Storms
63
64

0 .5 8 0.76 4
0.51 0.00 15
0.2 5 12.70 13
0 .5 1
7

7
10
4

Days with
Hail
Storms

Days with
Fog

63

64

63

64

4
8
5
6

8
2
2

7
1
7
8

6
1
5

Days with
Sleet
Storms
63
64

4
1
0
2

3
0
1

00

Table 3*

Average wind velocity (km/hour) on the Beartooth Plateau study area in 1963 and 1964.

Wind Velocity at 45 cm

Period
Mean

Max

63

64

Mean

Min

63

64

Overall
63

Wind velocity at 210 cm above ground in 1963 and
Mean
64

Mean
63

June 15-30
July
1-31
Aug.
1-31
Sept. 1-20

Table 4.

23.0
1 8 .T
28.7

1 2 .8
34.9
1 2 .7
-

1.1
3. 7
4.7

5.0
2 .2
1.0
-

11.4

8.5
11.8

11.6
10.5
14.3

-

37.5
22.5
37.5

at 24o cm above ground in 1964
Mean
Min
Max
Overall
64

64

63

25.3
27.1
32-.^
-

4 .7
4.8

6.9

64

63

11.3
5.5
6.0
-

Mean

15.9
1A .7
16.7
-

15.0
11.3
15.0

Ground level temperatures at two different stations on the Beartooth Plateau study area
during the field season of 1964, Temperatures in degrees C.
Mean
P.H.

Min
V

Period

Mean
P.H*

Max
V*

July 1-31
Aug. 1-31

31.7
27.2

30.0 1 . 6 0 . 6
27.2 - 1 .6 “2,6

Overall Mean
P.H.
V

Extreme
Max
P.H.
V

Extreme
Min
P.H.
V

15.6
12,2

41.1 37,8

-3.3 -3.9
-11.7 “12.2

1 6 .7
12.8

37.8 36.7

Greatest
Diurnal Range
P.H.
V

21.7
2 6.7

23.9
27.8

Smallest
Diurnal Range
P.H.
V

-3 .3
-7 . 8

-1 .1
-8 .9

VO

10

summer season in I 9 6 3 vas much wetter than in 1^64, and. included more
snow, hail and sleet.

Any snow falling in July and August usually

stayed on the ground only for the duration of the storm or for a
short period thereafter.

Thunder showers, usually of short duration,

accompanied by hail and less often sleet are common throughout the
season.
Depth of snow deposition during the winter varies with the
degree of exposure and is modified by "the prevailing winds during
and immediately following the winter snow storms" (Johnson and
Billings, 1 9 6 2 ).

The rate of melting in spring depends on the

temperature and on the amount deposited during the winter-

In 19&3

the snow disappeared much more rapidly than in 1964, because of
higher temperatures in late June.

Flora and Vegetation
A list of the plants of the Beartooth Plateau is given by
Bamberg (1 9 6 1 ) and Johnson and Billings (1962).
The vegetation shows great variability in species composition
in response to great variability in the degree of exposure, type of
substrate and amount and availability of soil moisture.

For purposes

of this study the vegetation is divided in six stand-types, each of
which is a recognizable unit, characterized by a predominance of
certain plant species, longevity of snow cover and degree of moist
ness.

The six stand-types in order of increasing duration of snow

cover are:

fellfield, dry meadow, moist meadow, carex hummock,

willow bog and snow accumulation.

11

Fellfield.

The fellfield stand-type is characterized "by a

large amount of exposed rock and predominance of cushion plants.
This type is found mainly on the windward side of hilltops and ex
posed ridges.

On the study area this type occurs mainly on the west

slope near and on the summit of the West Hill and on part of the
west side and summit of the Central Ridge.

These areas are wind

swept and have little or no snow cover at any time.

Common plant

species are Silene acaulis^ Geum rossii and Arenaria ohtusiloba.

Dry Meadow.

This stand-type is characterized by a general

absence of cushion plants and presence of a thick plant cover.

It

is found on sites with sufficient soil moisture in the early summer
but which dry out rapidly toward the end of July.
flowering occurs in the second half of July.

The peak of

On the study area

this type is the most abundant stand-type, occurring on all slopes
and on well-drained flat areas.

Common plant species are Polygonum

bistortoides, Carex elynoides and Potentilla diversifolia.

Moist Meadow.

The moist meadow stand-type is a transition

between the dry and the wet meadow.

It is found in areas surrounding

the wet meadow and as solifluetion terraces on hillsides below pockets
of snow which persist well into the summer.

Solifluction terraces are

a downward flow of soil, below areas of snow melt.
a terrace moves slowly forward from year to year.

The face of such
On the study area

this stand-type is found in the valley around the wet area, between
the highway and the south side of West Hill,and in spots on the west
face of Pipit Hill.

Common species are Polygonum bistortoides.

Deschampsia caespitosa, Caltha leptocephala and Carex scopulorum.

12

Carex Hummock.

The carex hummock stand-type occurs in de

pressions and is characterized hy frost-formed hummocks surrounded
by standing water.

These hummocks may occur singly or in a more or

less continuous ridge.

On the study area they are found mainly in

the lowest part of the valley and around the Pond.

Some common

species are Carex scopulorum, Salix planifolia, and Caltha lepto
cephala.

Willow B o g .

The willow hog stand-type occurs in depressions

and is characterized by running or standing water.

On the study area

this type is best represented in the valley and on the south and west
side of the West Hill as well as around the Pond.

Common species are

Caltha leptocephala, Salix planifolia and Sedum rhodanthum.

Snow Accumulation.

This stand-type is found on east facing

slopes and in depressions where snow is protected from the wind-

On

the study area the whole east slope of the West Hill and the de
pression along the base of Pipit Hill and the Central Ridge are snow
accumulation areas.

Throughout the summer these snow fields become

smaller, but, depending on the average temperature, extensive parts
remain snow covered all year long.

Vegetation closely follows the

withdrawing snow but never becomes very thick.

Some common plant

species are Claytonia lanceolata and Arenaria obtusiloba.
Within these stand-types are two features which are of im
portance to the pipits.

Sorted nets, actually found in all stand-

types, are the result of differential movement of rocks of different
sizes, through frost action into a polygonal pattern.

On hillsides

the gravitational force has the effect of drawing the sorted nets

13
out into so called stone stipes.

Ttie second type^ wind blowouts,

occur there where the turf layer has been disturbed by removal of a
rock, rodent diggings and along game trails.
be aggravated by water erosion.

On hill sides this can

SPRING ARRIVAI

In both 1 9 6 3 and 1964 male and female pipits were present on
the study area when I arrived.

Employees of the road crew informed

me that pipits are present when the road is opened for traffic in the
last week of May.
The period of 11 to 21 June 1964, with alternating snowstorms
and sunny days, sheds some light on pipit behavior in the prenesting
period.

On 13 June there were 10 to 15 birds on Pipit Hill on the

stretch from the highway to Glacier Lake, some of which were single
males.

On I 5 June I counted I 5 pairs and four single males on the

eastern half of the study area-

On I 7 June there was a dense fog

and about 10 cm of fresh snow which drifted over the study area all
day 1 8 June.

Few birds were present on the IJth and I counted only

three pairs and two single males on the entire length of Pipit Hill
and two pairs on the north slope of the Central Ridge.

June I 9

brought more snow squalls and strong winds with a maximum temperature
of 0 C.

There were only eight birds on Pipit Hill that day.

On

the morning of 20 June, while the ground was still covered with
snow there were seven pipits on the hill, while in the afternoon,
after the sun had melted much of the snow in places, the same area
had 2 0 pipits.
In the prenesting period then, pipits move from the alpine
meadows to lower altitudes whenever the weather becomes severe and
they return as soon as conditions improve.
Presence of several single males during this period seems to
lend support to the idea that at least some of the males arrive un-
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mated on the "breeding ground, but pair formation may also occur at
lower altitudes, since much of the early spring period is probably
spent there.
Testes size indicates a long period of sexual activity
(pig. 4).

Gonads remain relatively unchanged in size from 15 June

until the first week in July, when a gradual decrease begins.
male gonads show less fluctuation.

Fe

HABITA.T AND NEST SITE SELECTION

Since arrival of the birds occurs before all the snow has
left, the first birds occupy snow free areas wherever they become
available.

Since the I 9 6 3 season was earlier than in 1964, there

was more suitable habitat available and nests were found then in
places which were either too wet or still snow covered at the same
time in 1964.

The 1964 nests were in general confined to the sites

which became available before the end of June (-Fig. 5)*
Examination reveals that pipit territories are confined to
the face of Pipit Hill, the Central Ridge, the north and west face
of West Hill and scattered throughout the valley.

Within these four

general areas there are, especially on Pipit Hill, nodes of terri
tories which are apparently selected each year.

This leads to much

of the available area, apparently suitable for nesting, not being
occupied.

Drury (1 9 6 I) observed a similar situation with respect

to the Lapland Longspur.
First:

He gives three reasons for this phenomenon.

"birds settled on areas free of snow when they first arrived."

This is true on the Beartooth Plateau too, but far more area is snow
free, especially on Pipit Hill; than is occupied.

Second:

the song

of the male attracts both females and males, who then set up neigh
boring territories.

Third:

he "found several nests associated with

a previous year*s nest (especially those in which a peculiarity of
construction indicated that they were made by the same bird).

This

suggests that the females tend to return year after year to the same
small territory in this species as in many others".

I doubt that it

is possible to recognize an individual female by the way she builds
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Fig, 5*

Distribution of nests of the Water Pipit during 1963
and 1964.(dots). For key see Fig. 3-

(circles)
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her nest.

In 1963 I "banded a total of 102 Water Pipits, nine of

which were adult females.

Only the adult female of N20 (nest 20)

returned in 1964 and she built W60.
apart.

These two nests were about 400 m

In addition only four banded juveniles returned.

Only three

nests in 1964 were built on top of nests of the previous year and at
least three nests were constructed in nests built prior to I9 6 3 .
Nesting in or near an old nest probably indicates that the territory
has "all the requirements the birds look for" but that suitable nest
sites are limited in the territory.

Nests in the alpine are subject

to more than ten months of constant battering by storms, so that
most nests after a year can hardly be recognized as such.
It is not the nest site the birds return to, but the habitat,
and within this habitat they establish a territory and select a nest
site.

Recognition of suitable habitat is the all important thing.

If large areas of suitable habitat occur then more territories will
be found there, resulting in the clustering of nests.

Such nodes

are separated from one another by areas not answering the habitat
requirements.

Evidence, at least for the Water Pipit, suggests

that neither return to former nest sites nor attraction of singing
males produces nodes of territories.

If singing were important why

then are many nests Isolated?
To pinpoint habitat requirements is a difficult matter.

On

the study area territories are located in a great variety of terrain
from fellfield to wet meadow, level to steep sloping and bare to
well vegetated.

Two requirements are apparent:

l)

the territory

must become snow free early enough in the season so that the breeding
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cycle falls at the most favorable time of the summer and 2 ) it must
have some rough features such as tussocks, tilted rocks or eroded
areas.
Sutton and Parmelee (195^) state that the Water Pipit prefers
mossy slopes with southern exposure.
Edwards (1952) and Soper (19^6).

The same is stated by Wynne-

In Czechoslovakia the assumed

preference for wet areas in this species {A. s_. spinoletta) is shown
neither in the Sudeten Mountains nor in the Carpathian Mountains.
In the Riesen Mountains of Czechoslovakia,

spinoletta is de

pendent on the presence of rocky slopes and boulder fields and no
preference for wet areas was found (Hanzak, 1958).
zation applies also to the Beartooth Plateau.

This generali

TERRITORY

Density and Size of Territories
The total study area was about 116 h.

The known number of

nests in I 9 6 3 was h'J and there were two known territories, the nests
of which were not located.
area.

In 1^64 I found $2 nests on the study

I believe in both years I found about 90% of all nests.

estimated total for each year may have been about 60 nests.

The

If we

assume the total to have been 6 0 then the density of nests was one
per 1 . 9 3 h and a breeding bird density of one bird per hectare (one
bird per 2 . 5 acres).

'

*

In 1 9 6 3 I marked the territorial boundaries of five pairs
and measured their size.

The average territory was l, 8 lO sq meters

(1 , 5 8 0 to 3^355 sq meters) or roughly an area of 4o by 4-5 m.

It is

obvious from these figures that large parts of the study area are
not occupied by territories.

Many of the areas suitable for nest

sites became snow-free later in the season when most birds had al
ready established territories.

Also, about one-sixth of the 116 h

consisted of areas which were:

too gravelly, hence in which the

substrate was too hard for excavation of a nest cavity;
permanent snow fields;

boulder fields;

too wet;

roads, gravel piles and

water surfaces and areas of human interference (our headquarters).
Size of territories has been reported by several authors.
Hayward (1952) found in a ten acre basin in the Uinta Mountains,
Utah, a population of 10 to ik birds, which I assume to be five
to seven pairs.

This is a population density of about one pair

per 0 . 7 h. Drury (I9 6 I) on Dylot Island, Northwest Territories,
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gives for territorial size areas of "100 yards and 200 feet high"^
or an approximate area of 5 ^ 6 0 0 sq meters^ which is roughly three
times as large as on the Beartooth Plateau.

Gihh (195^) in his

study of the Bock Pipit^ mentions "eight pairs per mile" as an .
average.

This is about one pair for each 200 m of shoreline.

Defense of Territory and Associated Behavior
Before the arrival of regular good weather in 19&^, pipits
had to abandon their territories frequently, as noted above.

Those

birds which managed to stay during snowy periods did not show much
territorial activity except for an occasional chase.

Sometimes I

disturbed birds from what appeared to be their territory, and
noticed them flying away for a distance of half a kilometer or
more.

Throughout these first unfavorable ten days in 19&4, how

ever, the flight song (see below) could be heard.

Once the weather

changed for the better, territories were set up rapidly and much
chasing occurred.
In 1 9 6 3 most territories were established when I arrived on
the study area.

On 16 June a male flew about I 50 m toward an in

truder and later on the same day a male chased another male over a
distance of about 100 m.

When they gave up, the male who did the

chasing flew down from about 3 m, while giving the flight song.
Three displays were noted in the males, threat display,
alert display, and flight display.

Threat Display.

Males were often observed to approach each

other, while feeding, with their tails bobbing, in true pipit fashion,
and with drooped wings.

In this and other male displays the wings do
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not vibrate.

With continuous tail-bobbing the two males approach

each other almost casually.

The approach is not a direct one.

The

birds keep feeding back and forth till they get close to each other
and one flies at the other.

The attacker may pursue the attacked

male for some distance and often the chase goes beyond the territori
al limits of the attacker.

Upon return he often settles on an object

that is higher than the surrounding terrain, such as a boulder or a
tussock.

Here he may be seen to preen himself but usually he will

just sit quietly and look around in an alert fashion, ready to
challenge the next intruder.

Alert Display.

The male stands with his tail elevated but

not bobbing and his wings are drooped.

This posture is often as

sumed on return from a chase to his own territory, and also when the
male is in residence and another pipit flies over his territory.
When the display is directed to another pipit flying overhead, it
is accompanied by a pititititi song.

Flight Display.

Since this display of the male is accompanied

by the flight song it is described in the next section.

Throughout the early phase of the breeding cycle, when terri
torial behavior is strongest, from the time of establishment of the
territory to part way through the period of incubation, males can be
seen to walk around with drooped wings and elevated tails which gives
them a belligerent appearance.

The tail does or does not bob.

This

display is a mixture of the first two described above.
Since the female does not behave in this manner, this is a
means to distinguish the sexes in the field.

VOCALIZATION

In this section I will attempt to incorporate sound de
scriptions of other authors, wherever possible.

Song is here under

stood to be those vocalizations which focus attention on the terri
tory and which help to defend it.

Notes are those sounds used in

communication between members of a pair.

Song
tjwee-tjwee-tjwee;

This is the flight song given by the male

during the flight display and is used to attract females and to ad
vertise his presence as the holder of a territory.

In the flight

display the male rises at an angle into the air up to about 50 m
(the height is variable), and then descends to the ground again.
During this flight he utters the tjwee, tjwee song continuously.
During the descent the bird raises and spreads his tail widely and
extends his wings fully, so that the innermost (ninth) secondary is
free from the body.

In the descent the phrases of the song follow

each other more rapidly than during the ascent.

Often this song

is continued for a few seconds when the bird has returned to the
ground and occasionally it can be heard from the ground without
accompaniment of the flight display-

The flight pattern itself

takes on several forms, the most common ones being shown below.

Ascent and return
to approximate
starting point

Spiral

Hyperbola
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Single unmated males make many more flight displays than
mated ones.
mln

On 23 June one single male made 17 flights in 30

(at lA:2 2 ;

35 l/ 2 ;

38;

23;

39;

2 3 l/ 2 ;

4o l/ 2 ;

4-3;

2 5 l/ 2 ;

29;

47 1/ 2 ;

3 0 l/ 2 ;

32 x/ 2 ;

34;

49 and 1 4 : 5 1 EM) and on

l 4 June another single male made I 8 display flights in one hour
(at 0 9 : 0 5 ;
52;

54;

10;
55;

25;

57;

27;

3 I;

37;

38;

39;

40;

45;

46;

50;

59 and 10:01 AM).

Drury ( 196I ) Interpreted the song as tsoo-tsoo-tsoo during
the ascent and an accelerated chwee-chwee-chvee during the descent.
Sutton and Parmelee (195^) describe it as a repetition of chwee or
churee, while Pickwell (19^7) describes it as tweet"tweet-tweet or
chuweet-chuweet and churee.

pitititititi;

Song given by a resident male to another pipit

when the latter flies over the territory.

This song is accompanied

by the alert display.

twet"twet-twet-tea-tea-tea-twet"twet.

Song given by a

resident male when he flies over his own territory in the direction
of a neighboring male who approaches the territory.

The song has a

threatening effect and the individual phrases follow closely.

This

song may also be used when no other male is involved and is probably
the equivalent of Drury's chip-chip, chip-chip-chip.

Notes
weet;

Warning call of male.

Its purpose is to notify the

female on the nest of approaching danger.
abrupt quality and is given repeatedly.

This note has a dry and
Equivalents are:

weet
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(Sutton and. Parmelee ; 195^) and wheat (Pickwell^ 1957)*

peep;

Alarm call of male and female when a predator, such

as a man, comes near the nest.
they give this call-

The hirds are very nervous when

The individual peeps are given continuously,

as long as the danger is present.
in 30 seconds.

One male called peep 21 times

The female often calls tjeep or tjurp instead.

Equivalents are:

peet (Pickwell, 19^7) and zzeep (Drury, I 9 6 I).

tweet-tjut-tjut or tweet-tweet-teet:
given in various combinations.

Alarm call of female

This call was heard once when I sat

in front of a nest with young.

wee,wee,wee,w e e :

Given in rapid succession by the female

when she flies off the nest in response to the male, when the latter
calls her.

Probable equivalents are: cheep-eep-eep-eep-eep or

chit-it-it-it-it (Pickwell, 19^7)-

tjeet or tjueet:

Invitation call of the male when he comes

to feed the female away from the nest.

He also uses this call later

when he announces himself to the young in the nest as he comes with
food.

peet;

Call of the incubating female as she answers the

male when he comes to feed her.

pipit:

Characteristic call heard after the breeding season.

This call is given from the ground or from the air.

NESTS

Nest Location
Nests are "built on the ground and are more or less overhung
by vegetation, sod or rock.

Pickwell (19^7) reports on two nests:

"one was in a clump of yellow heather and another beneath the leaves
of a purple aster".

Sutton and Parmelee (l95^) describe the location

of l4 nests as being "more or less hidden under vegetation, prin
cipally Cassiope tetragona".

The only nest found by Drury (1 9 6 I)

was built in a "crevice under a solifluction lobe".
On the study area nest sites can be divided in four types:
sod nests, erosion nests, rock nests and hummock nests (Fig. 6 and
Table 5)•

D

A

E

B

Sod Nests

Fig. 6 .

Erosion Nest

Rock Nest

Hummock Nest

Four types of nest sites of the Water Pipit on the
Beartooth Plateau.

Table 5-

Nest types of the Water Pipit on the Beartooth Plateau.

Oype
Sod Nest
Erosion Nest
Rock Nest
Hummock Nest

1963

1964

Total

16
I3
10
8

16
9
18
9
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22
28
17
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Sod Nests.

These nests are placed at the foot of a tussock

or inside sods of vegetation.

This type of nest showed the widest

range of concealment from plainly visible to almost completely
hidden.

All of these nests are partly overhung by vegetation,

especially so later in the season (Fig. T ).

Erosion Nests.

These nests are found in places where the

turf has been broken by erosion.

Such places include "wind blow

outs", the face of solifluction terraces and on hillsides where
erosion has occurred along the up-slope edge of game and sheep
trails, as well as a few places where some agent has dislodged
small boulders, leaving a hollow.

Some nests in this category are

very exposed, more so than in any other type, because of lack of
vegetation caused by recent erosion.

Usually the nest is set back

in the eroded wall so that it has a partial roof of soil (Fig. 8 ).

Rock Nests.

These nests are situated under the edge of a

rock, usually they axe sunk rather deep so that the whole nest is
overhung.

Tilted rocks are preferred but some nests are dug out

underneath the edge of non-tilted rocks.

This nest type is found

mainly on slopes (Fig. 9 ) «

Hummock Nests.

Carex hummocks, as noted before, are con

fined to the low wet areas in the valley.

During spring and most

of the summer, as long as the snow on the surrounding hills con
tinues to melt, this area stays wet, leaving the dry exposed
hummocks available for nest sites.

The nests are much like sod

nests, except that they are placed on the sides of hummocks.

29

Fig. T.

Fig. 8 .

Sod nest of the Water Pipit.

Erosion nest of the Water Pipit.
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Nest Location and Compass Direction
Few authors have recorded the compass direction the nests
face.

The six nests reported by Wynne-Edwards (195^) on Baffin

Island all faced between SW and SE.

On the study area most nests

faced between W and NE with the highest number facing N (Table 6 )

Table 6 .

Orientation of the nests of the Water Pipit on the
Beartooth Plateau.

Compass Direction

8
SW
W
NW
N
NE
E
SE

1963

1964

Total

3
3
10
12
9
9
1
0

.1
0
13
8
19
7
2
2

4
3
23
20
28
16
3
2

Ttie direction the nests face is directly related to the pre
vailing winds

which, during the breeding season, are predominantly

from the S and SW.

The importance of this orientation was clearly

shown during a snow storm which occurred 22 June, 1963"
day a blizzard with drifting snow came from the SSW.

On that

This snow

formed a crust over all nests which were protected on the windward
side by a stone or by vegetation.
been filled with snow-

Any southfacing nest would have

When I returned later in the day, the snow

had melted and several nests were wet, with bits of wet snow lying
on and among the eggs.

One nest, NT, which faced SW, received its

second egg the day before.

On the day of the blizzard it was filled

with snow and no third egg was laid.

The next day^ 23 June, the two
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eggs were found cracked and frozen.

The loss of these eggs, I

"believe, was caused “by the snow and indirectly because of the way
the nest faced.
It could he argued that since east facing slopes are not
available and south facing slopes are almost absent, while both
north and west slopes are abundant ^see habitat selection), that
this explains the predominant N and W orientation.
however, counter such an argument-

Hummock nests,

Hummocks are dome-shaped struc

tures that offer nest sites in any compass direction.

Yet, here

too, there is preference for orientation between HW and HE in I4
out of 1 7 nests (Table 7)-

Table 7»

Orientation of hummock nests of the Water Pipit on the
Beartooth Plateau.

Compass Direction

S
SW
W
m
N
HE
E
SE

1963

1
0
0
2
2
2
1
0

1964

0
0
0
1
5
2
0
0

Total.

1
0
0
3
7
4
2
0

Davies (1 9 5 8 ), studying the Meadow Pipit (Anthus pratensis)
in Swedish Lapland, did not find any directional trend in nests.
However, 16 nests of the Horned Lark found on the study area in
1 9 6 3 and 1 9 6 4 slII had a protective clump of vegetation on the S

to W side of the nest (Verbeek, MS).
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Nest Materials
Soper (1 9 ^ 6 ), Pickwell (19^7)j Bent (1 9 5 0 ), Sutton and
Parmelee ^195^) and Drury (1 9 6 I) all agree that only grass is
used for construction of the nest.

Bent also mentions that "some

dry moss may he placed in the hollow to protect the eggs against
the moisture from the ground".

None of the above-mentioned authors

reports the use of hair or feathers for lining of the nest-

On

the study area out of 99 nests I 6 had utilized horse hair, and
in one of these porcupine hair was also found.
was a road kill of the previous year-

This porcupine

The horse hair came from

the sheep herder's horse, which spent two weeks on the study area
the year before.

The horse grazed mostly in two areas and horse

hair was found in nests near these areas.

It was not always

apparent whether the hair was used as lining or simply as nest
material.

In general it was found on the inside of the nest,

but in some nests there was so little that one could hardly call
it lining.
to 46).

The average number of horse hairs found was 11 (l

The nest with the porcupine hairs contained 170 hairs

of that animal.

In spite of the fact that about 2,000 sheep

spent two weeks on the study area each year, none of the nests
contained sheep wool.

Duration of Nest Construction
Although I found 99 nests on the study area, only 21 of
these ( 6 in I 9 6 3 and I 5 in 1964) were discovered while in some
state of construction, before the first egg was laid.

It requires

much effort on the part of the observer to locate a nest in this
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Fig. 9

Rock nest of the Water Pipit

P.iJn S V f i

i
Fig. 10.

Rest of the Water Pipit in state of excavation.
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state.

The alpine environment does not lend itself to concealment of

the human intruder.

Most nests are found vhen one flushes the female

from her nest.
Although I never observed the birds prospecting for a suitable
nest site, it is clear that the site is improved by actual excavation.
Five out of 1 5 nests found before they contained any eggs, were dis
covered in a scooped out state before they contained any nest mate
rial.

They were hollows, scratched out in the ground, with the ex

cavated material at the entrance (Fig. 10).

It is not known which

member of the pair is responsible for excavation or whether it is a
joint effort.

In one case a pipit (sex unknown) flùshed from a small

hollow which showed evidence of fresh scratching.
ture nest was never found again.

This possible fu

In another case, a female pipit,

which I collected 2 July I 9 6 3 , away from the study area, had both her
feet and beak coated with mud.

She flushed from a solifluction ter

race which I checked carefully for a nest site but did not find.

I

think, however, that she was interrupted during excavation of a nest
site.
After the nest hollow is scooped out the first nest material
is deposited in the form of a ring along the side, so that both the
bottom and the rim are ]?are earth.

In the next phase this ring b e 

comes wider so it slowly extends to the bottom and the rim of the
nest.

Nest 8 was found without bottom at 18:12 PM on I 8 June and the

next day at 11:24 A M the bottom had been put in.
found 2 3 June at 17:45 PM without bottomPM it too had a bottom.

Similarly, Nil was

The following day at 17:20

In this state the nest looks essentially

finished but it probably is not, for it took two more days in the

35
case of n 8 and. one more d.ay for Nil before the first egg was laid.
Data derived, from 1^ nests found before the nest appeared finished
shows that it takes about four to five days to build a nest, from the
time the nest is excavated to the day the first egg is laid (Table 8).
Excavation time is, however, unknown.
Table 8.

Nest

8
11
54
56
57
58
59
60
64
66
67
68
69
77

State of construction of l4 nests of the Water Pipit.
Scooped out nests were found at times indicated.
Scooped Out
Date
Time

24 June
25

16:50
06:4o

26
25
27

05:47
18:35
05:45

27

10:19

Ring

Bottom

Finished

First Egg

l8 June
23
25
26
27

19 June
24
26
27
27

20 June
25
27
28
28

27
29
29

28
30
30
29
29
28
28

22
26
28
29
29
30
29
1
1
30
30
30
30
4

28
28

28

30

In two instances nests of 19&3 were re-used in 1964.

June

July
June

July

Nest 31

(the female of which was banded in 1963 and which did not return to
the study area in 1964), re-used by N61, became snow free 23 June
1964 and contained the first egg 27 June.

Similarly, N65 built a

nest in N24, which also became snow free 23 June and contained the
first egg 28 June.

At least N6l built her nest from the start,

since the old nest material was almost completely gone.
dition of the other nest was not checked.

The con

These examples indicate

how quickly after the snow disappears the breeding cycle can begin.
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With regard to old nests, in W60, huilt in a pre-1963 site,
all old nest material was first scratched out before the 1964 nest
was built, but in W63, also built in a pre - 1 9 6 3 nest, the nest ma
terial was not removed, so that it became quite bulky (Fig. 8).

Behavior associated with West Building
Only once was I fortunate enough to observe a female carrying
nest material.

To quote my field notes:

nest and only flew when I forced him to.
nervously.

"The male sat close to the
He then circled around me

After about a minute the female flew off the nest.

male joined her and they both flew higher up the hill.
got back the female carried a beak full of grass;
accompanied her without any grass in his beak.
dropped the grass.

The

When they

the male just

When she saw me she

She then flew around nervously and wherever she

went the male stuck closely to her".

It seems then that the female

builds the nest,
Symbolic nest-building was observed on several occasions in
1964.

On 21 June I saw a male and a female pipit at 08:45 AM, both

of whom had pieces of grass in their bills, although the female had
more.

They kept close together and made much noise.

After they

had walked around for about a minute they both dropped the grass
again and began feeding.

The same day, at 09s21 AM, I saw a female

with a grass stem in her beak which she dropped a moment later.
male was nearby but did not collect any grass.
another male with grass stems in his beak.
20 m away.

The

On 23 June I noticed

The female fed about

The frenzy, especially in the male, and the particular

sound (not recorded) which accompany this behavior had the appear-
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ance of stimulating the female to start nest construction.

Nest Dimensions
The average depth of 37 nests was 3-8 cm (3»0 to 5.1 cm) and
the average width at the rim of 4o nests was 7*2 cm (6.5 to 8.0 cm).
These measurements were taken; in most cases, after the young had
fledged, so that dimensions of new nests are prohahly slightly
deeper and less wide.

THE EGGS

Egg Morphology
A good description of coloration has been given by Bent (1950 ).
The range in egg colors of the Beartooth Plateau ran from a heavy
chocolate brown mottling to almost white with very little mottling.
In some eggs, spots and blotches are distributed evenly over the
entire surface and in others they are more confined to the blunt end.
The eggs are oval in shape (long oval to short oval) although
some were long pyriform, subeliptical and long eliptical (nomenclature
from Palmer, 1962).

Differences in egg shape are shown in Fig. 11.

Both eggs came from the same clutch.

Since the nest was found when

it contained four eggs, the sequence of laying of egg number three
and four is unknown.
In 1 9 6 3 measurements were made with a vernier caliper to the
nearest tenth of a millimeter on a total of 105 eggs.

In Table 9

data from the Beartooth Plateau are compared with data given by Bent
(1 9 5 0 )*

Within 1 9 single clutches the average length variation was

0.10 cm (0.04 to 0.15) and the average width variation was 0.04 cm
(0 . 0 1 to 0 .0 8 ).
Table 9-

Source

Egg size of the Water Pipit of the Beartooth Plateau com
pared with eggs in the collection of the U.S. National
Museum (Bent , 1 9 5 0 ).
N

Beartooth Plateau 105
50
U.S. Nat. Museum

Mean
Length

1 .9 9
1 .9 9

S.E.

Mean
Width

0 .0 0 9

1.46
1 .4 7

S.E.

Extreme
Length

Extreme
Width

0 . 0 0 5 1 .8 0 -2 . 2 8 1 .3 4 -1 . 5 5
1 .7 8 -2 . 1 8 1 .3 7 -1 . 5 5
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Eggs were weighed to the nearest hundredth of a gram on a
portable balance.

The original plan was to weigh eggs in the field

but due to constant wind this had to be given up.

The procedure then

adopted permitted removal of one egg when there were two eggs in the
nest and the removal of two eggs when there were three or more eggs,
so that at all times the nest contained at least one egg.

The eggs

were packed in cotton in a jar and taken to headquarters where they
were weighed and numbered (Fig. 11) with "Higgins Eternal" ink.
Whenever possible, eggs were numbered in the sequence in which they
were laid.

Usually the eggs were returned the same day, but some

times a day later.

The fourth and following eggs of a clutch were

returned as soon as possible on the same day in order not to in
fluence the incubation period.
The average fresh weight of 63 eggs in 1963 and of 66 eggs in
1 9 6 ^ is shown in Table 10.

The difference between mean weight in

the two years is significant at the 95^ level (t=2 .1 2 9 ) (see below).

Table 10.

Year

1963
1964

Mean weight of eggs of the Water Pipit on the Beartooth
Plateau

H

63
64

Mean Weight

2 .2 5
2 .3 1

S.E.

0 .0 2 9
0.014

Extremes

1.84-2.84
2 .1 0 -2 . 6 0

In order to measure egg volumes a volumeter, much like the
one described by Hanson (1954), was made.

The apparatus consisted

of a 10 ml graduated cylinder with one-tenth milliliter divisions.

ho
On the open end was welded a wider collar in which fitted a plug.
The apparatus was almost filled with water and then put upside down
and the height of the water column was read off the graduated cyl
inder.

Then the volumeter was righted, the stopper removed and the

egg lowered into the water with the aid of a spoon.

After the

stopper was replaced the apparatus was again inverted.
in water levels was considered the volume of the egg.
error of nine readings on egg 3 of NTT vas 4.5^-

The difference
The per cent

The average volume

of 8 3 eggs was found to he 2.1 ml (l*T to 2.T) S.E. 0.0T9»

Fig. 11.

Eggs of the Water Pipit showing numbers and shape

4i
Of a total of 46 eggs, length, width, weight and volume are known.
These eggs are included in the 8 3 mentioned ahove.

Romanoff and

Romanoff (19^9) give a formula VsQ-959W, where VWvolume and W=
original weight of the egg.

The constant 0.959 in this formula is

used by the authors for altricial birds as a correction factor.
own results, based on the above-mentioned 46 eggs, give a constant
of 0 .9 4 7 .

Time of Egg Laying
Since many nests had to be checked daily it was not possible
to be at every one of them at the time the egg was laid.

This means,

that when on my daily rounds I found a new egg, say at 10:00 AM, this
egg may have been laid several hours earlier.
was laid on or before 05:20 AM, 2 9 June.

The earliest egg found

In one nest, NIT, no

was found at 04:37 A M but the nest contained one egg at 06:20.

egg
In

another nest. Nil, no egg was found at 06:00 AM, but when I returned
to the nest at 13:18 IM there was a new egg.

Since females have the

habit of remaining on the nest for a while after the egg is laid, I
noted whether the female flushed or whether she was absent when I
approached the nest.

The results (Table 11) show the highest per

centage of females on the nest between 05:00 and 05:30 AM.

In this

table are not included those females which flushed or were absent
from the nest after the last egg of the clutch was laid, since they
were assumed to be incubating.

The Water Pipit then lays its eggs

early in the morning somewhere between 05:00 and 06:30 AM.

Within

this period it seems that individual females lay their eggs at
particular times.

h2
Table 11.

Time distribution of presence and absence on the nest of
laying female Water Pipits before the onset of incubation.

Time Period

Female p?resent
Female absent
^ females present
of total

Rest of day

05:00-05:30

05:30-06:00

06:00-06:30

6
1

T

5

6

T

1
l4

86

54

42

T

Eggs are laid at daily intervals.
stances where this was not the case.

There are only three in

Female NO (N zero) skipped a

day between her first and second egg while females NTT and N3 skipped
once between their second and third eggs.

In all three cases there

was no apparent reason.
Pickwell (1 9 ^T) observed laying at daily intervals in one
nest.

The observations of Davies (195Ô) showed that the eggs of

Meadow Pipits were laid in the morning at daily intervals in the
four nests he was able to follow.

Clutch Size
The Water Pipit is a determinate layer.

In 1964 I removed

all eggs, except one, in two nests: N60, the female of which was
banded and N6l, the male of which was banded.

These two nests were

selected so that if the birds were disturbed and abandoned the nest,
they could be recognized in case they renested.
began incubation on her fourth and last egg.

The female of N6l

The female of N60

abandoned after she laid her fifth egg and was not seen again.

In

both cases the eggs which I removed were returned to the nest within
24 hours after the last egg in the clutch was laid.
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Of the 99 nests founds 8 3 were known to have completed
clutches.

The clutch size distribution is shown in Table 12.

Table 12.

Clutch size distribution of the Water Pipit on the
Beartooth Plateau.

Clutch Size
1963

N o . of clutches
1964
% of total

2
14
15
2

3
k
5
6

6
42
45
6

4
8
34
4

^ of total

8
16
68
8

The average clutch size in 19&3 was 4.^2 and in 1964 it was
4 .7 6 .

It is obvious from Table 12^ that the increased clutch size

of 1964 is because of a great increase of 5-egg clutches and a
proportionate decrease in 4-egg clutches.
Bent (1 9 5 0 ) reports: "the American Pipit lays four to seven
eggs, four and five seem to be the commonest numbers".

In the

literature I have come across only two nests with seven eggs.

These

were reported by Wynne-Edwards (1952) from South Baffin Island.

A

third record of a T-egg clutch comes from the files of the Pacific
West Record Scheme, and was reported by R. W. Weeden from Boulder
Creek, Atlin, British Columbia.
In Table 13 the mean size of completed clutches laid within
9-day periods is shown.

Clutches were considered to belong in a

particular period if most of the eggs in the clutch were laid within
that period.

It can be seen that clutch sizes remained rather

stable through June and early July and dropped off toward the middle
ùf July.

kh

Table 13-

Mean clutch sizes of the Water Pipit arranged in four
9-day periods.

Period

1963
Mean Clutch
Size

N

June 1 5 - 2 1
22-30
July 11- 9
10-18

4 .6 7
4.64
4.64
3 .8 0

3
ih
11
5

N

1964
Mean Clutch
Size

2k
23
3

4 .7 1
4 .9 1
4.00

Coulson (1 9 5 6 ) has shown for the Meadow Pipit larger clutches
in the north (Norway) than in the south (Great Britain).

For the

North American Continent information on clutch sizes is scattered.
An analysis of some of the data found in the literature and from the
files of the Pacific Nest Record Scheme and the Alaska Nest Record
Scheme is shown in Table 14-^ together with data from Coulson (1956).
The North American data includes only those clutches which were con
sidered to be complete.

Table l4.

Latitude

35
45
55
65

-

45*
55

65
75**

Clutch size distribution of Anthus spinoletta compared
with Anthus pratensis in Europe with respect to latitude.

spinoletta
North America
Clutch
Size Total
6 7
3 4 5

7 25 60
5 9
2 4
1

8
1
6

1 17 19

100
1
2

15
13
4o

Mean

pratensis
Europe (Coulson, 1956)
S.E. Latitude Total Mean

4.69
4.73

0.049 England
0.084 Iceland

5.46

0.115 S - Norway
0.054 N. Norway

5.50

* including data of this study
** including 20 nests between latitude 6 5 - 6 7 .

246
77
28
28

4.30
5.42
5.39
5.75

^5
Temperature and the Onset of the Breeding Cycle
To determine the day the first egg was laid two criteria were
used:

1)

if a nest was found with an incomplete clutch, the day

the first egg was laid could he calculated, assuming a daily interval
of laying;

2) if the day of hatching was known, the day the first

egg was laid could he calculated hy counting hack l4 days for in
cubation plus 3 - 6

days, depending on the clutch size.

In hoth

cases partial predation was assumed not to have occurred.

With the

aid of these two criteria, the distribution of first eggs laid in
1 9 6 3 could he established in 37 out of 4% cases.

In 1964 the dis

tribution could he established in all 52 nests found.
difference between both years is apparent (Fig. 12).

A striking
In I 9 6 3 the

pattern spread out from 13 June to 13 July with three peaks, while
in 1964 laying was more restricted and there was only one very large
peak.

In the period from 26 June to 1 July I 9 6 3 , 12 first eggs were

laid or 3 2 ^ of all eggs laid, while in the same period in 1964, 8 9 ^
of all first eggs were laid.
In Fig. 12 is also shown the average (mean of max and min)
daily standard shelter temperatures.

Close examination of Fig. 12

shows that the peaks correlate with the peaks in temperature and
that, in I9 6 3 , most eggs are laid when the temperature troughs occur.
As noted before (Table 8), it takes from four to five days to build
a nest.

If, in Fig- 12, we move the egg-graph over to the left four

days, then we establish a graph which approximately represents the
distribution of onset of nest building.

The peaks of this new graph

coincide with the peaks in temperature.

When the temperature rises

^6
more birds are stimulated to begin nest building and when the
temperature falls the stimulus to build decreases, resulting in
fewer new nests being started.

Once the nest building phase has

begun, egg laying follows, regardless of temperature, which explains
the occurrence of egg-peaks at low temperatures in 1963-

In 1964

temperatures were initially too cool and the weather - snow storms
and the like - was not conducive to nest building.

When the temper

atures did increase, however, nest building commenced immediately,
and since the temperatures remained high, 8 9 ^ of all nests were
started in a six day period.
Earlier studies of the Song Sparrow (Melospiza melodia)
(Nice, 1 9 3 7 ) and the House Wren (Troglodytes aedon baldwini)
(Kendeigh, I 9 6 3 ) have shown that the day of laying of the first egg
occurs after three to five days of a certain average temperature.
Kendeigh (I9 6 3 ) calculated the average temperature for the three
days preceding the laying of the first egg and determined the average
threshold temperature for initiation of egg laying for the House Wren
to be l4.8 C with SD 2 . 7 C.

I instead took the average temperature

for the four days preceding the laying of the first egg, since this
was about the time it took to build the nest.
ature was 8.4 C (4 7 . 2 p) with SD 1-9 C.

This average temper

As noted earlier (Table 1

and 4), in 1964, July and August temperatures were taken at ground
level at two stations.

Ey taking the overall daily mean of these

two stations combined, it appears that in both months the micro
environmental daily average temperature is 5-9 C (IO . 5 F) higher
than that indicated by the standard shelter temperatures.

Since the
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Relationship between standard shelter temperature
and innitiation of nest building and egg laying.
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TDÎrd.s spend, all "tlieii* time at ground, levels the average micro—
environmental temperature of l4,3 C (57,7 F) with SD 1-9 C is re
garded. to he the actual threshold temperature, rather than the 8.4 C
temperature.
It is obvious in Fig. 13; where' microenvironmental temper
atures are plotted against first eggs laid, that some birds laid
eggs at temperatures below the mean threshold level.

Since we are

dealing with ground level temperatures, which in the alpine are very
variable over short distances, it is probable that certain nest sites
were situated in micro-climatically warmer places.

On the other hand,

individual temperature thresholds may be considerably below average
in some birds.
In discussing habitat selection, I pointed out that nests in
1964 were closely confined to the areas available in the last week
of June because of snow cover.
daily temperature went up.

It is in this period that the average

Since snow fields do not react (melt) as

fast to increased temperatures as the bird's physiology, there is a
time lag in habitat availability and a consequent confinement of nest
distribution.
As noted above the average clutch size in 1964 was larger than
in 1963; namely 4.76 as compared to 4.55 respectively.

While in 1963

clutch size varied mainly between four and five eggs, in 1964 5-egg
clutches far out numbered all others.

Besides the larger clutch

size in 1964 there was also a slight but significant increase in egg
weight (Table 10).

It is here suggested that the increase in clutch

size and the increase in egg weight in 1964 were because of that
season's higher temperatures.
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In suimnaiy it is here suggested that in the Water Pipit;
l) egg laying commences at a standard shelter temperature threshold
of 8.4 C with SD 1 . 9 C or at a ground level temperature threshold of
l4.3 C with SD 1 . 9 C;

2) average clutch size and egg weight are

larger when temperatures prior or during the egg laying period are
high and stahle.

INCUmTION

Incubation Period
The period of incubation is considered as the time span between
the laying of the last egg and the hatching of that egg.
Pickwell (1 9 ^7 ) found an incubation period of "a full twelve
days"; while Sutton and Parmelee (195^) report "at least 11 dayS;
2 3 hours ; and 1 5 minutes - - - and almost certainly longer, since

when we found the nest the clutch was complete".

According to the

Handbook of British Birds (Witherby, 19^3), the incubation period of
the Rock Pipit in Europe is "about a fortnight".

Coulson (1956) gives

a period of 13 days for the Meadow Pipit.
The incubation period could only be calculated for nine nests
(Table I 5 ).

The second column shows the period between the time the

last egg was first found and the time the egg was found to have
hatched.

Since eggs are laid in the morning (Table 11), between

05:00 and 06:30 AM, last eggs found at a time later than 06;30 were
considered to have been laid at 05:^5 AM.

In three closely observed

nests, eggs hatched at ca two hour intervals.

Therefore when the

last egg was found more than two hours after the other eggs in the
clutch had hatched a correction, based on this observation, was made.
These corrections are rather crude but are necessary to obtain a
reasonably accurate incubation period.

After corrections, the aver

age incubation period was found to be l4 days, 10 hours, and 5 min
utes.

The female of H 6 7 , whose eggs never hatched, incubated for

1 9 days, after which she abandoned the nest.
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Incubation and associated Behavior
My o\m observations agree with Sutton and Parmelee (1954) who
I
state that only the female Incubates.
During a total of 49 hours of
observations from a blind, between July 6-13, 1963 at N19 and July
7-12, 1964 at N 67 only females were seen Incubating.

While the

broodpatch of the female Is very large and conspicuous (Fig- l4),
there was no Indication of a broodpatch in ten males shot away from
the study area 2 5 , 28 June and 19; 20, 2 0

July 1963; and 26, 28

June and 1, 4, 6 July 1964.

Table 15-

Nest
No.

8
11
IT
26
59
62
64
68
73

Corrected Incubation periods of nine nests of the
Water Pipit.

Observed time between
laying and hatching

4 minutes
1 3 days 1 9 hours
14
0
35
16
3
25
14
5
19
14
3
5
42
14
7
l4
18
23
2
14
0
23
13
45

Approximate
correction
In time

^(
•»(
-(
»(

Ih; Im
9 ; 8
7 550
4 ;4o

)
)
)
)

-(
-(
+(
t(

2
8
3
5

)
)
)
)

; 7
;40
; 2
;30

Corrected
incubation
period

13d;l8h
14
9
15
19
14
9
l4
3
l4
5
l4 l4
14
5
14
5

3m
43
25
59
5
35
38
2
15

While the female incubates the male ordinarily feeds her.
Feeding Is never done at the nest, but at some distance from It.
When the male comes to feed, he gives the tjueet call and she
answers peet from the nest.

He repeats this until the female

responds and flies toward him, calling we e-wee-wee-wee.

She con

tinues calling while she lands in front of the male and her display
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culminates in a frenzy of wing vibrations.

The male then feeds her.

It appears (observations were often obscured by vegetation) that the
male dumps the food on the ground in front of him and picks up
pieces which he feeds to the female.

In one case he put food in

the female^s bill five times in one feeding.

The male never stays

longer than it takes to feed the female.
After feeding, the female returns to the nest.
walks back, feeding on her way to the nest.

Usually she

In case she flies back

toward the nest she calls peet-peet and never lands in front of the
nest but at a distance of 1 to 2 m away from it.

From there she

sneaks to the nest, making use of any depression among the grass.

Fig. l4.

Broodpatch of female Water Pipit.
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When the female leaves the nest without invitation of the
male, she stays off the nest for a longer period.

The average time

then was 8.l4 min (Tahle 16) as compared to an average time of 4.28
min when she was fed hy the male.

Tahle 16.

Mean attentive and inattentive periods of the Water Pipit,
Sample size in brackets.

Nest

Mean
Attentive

S.E. Mean
Inat.

19
67

1 2 .8 t (k-7 ) 1 . 0 8 5.64 (5 3 ) 0 . 6 3
17.7 k (2 7 ) 1 . 8 8 5 - 8 3 (2 9 ) 1 . 3 9

S.E. Mean Inat*
Male feeds
Female

4.20 (35)
4 . 3 6 (1 5 )

S.E. Mean Inat. S.E.
Female
feeds
herself

0.5 0
3.20

8.44 (1 8 ) 1 . 4 5
7 . 8 5 (14) 0 . 7 1

Feeding of the female hy the male keeps the length of the
inattentive period small, and they are very similar for hoth nests,
hut the length of the mean attentive periods are much different.
The female of N19 was fed or fed herself on the average once every
1 6 . 6 0 min (1 2 . 0 0 to 24.00 min) while the female of N 6 7 took food

every 27*32 min (14.58 to 46.00 m i n ) .

The male of WI 9 fed the fe

male twice as often as she did herself, while in W67 the male fed
the female only ahout as often as she did herself.

The fact that

the female left the nest less often to he fed hy the male explains
why the mean attentive period is much longer (Tahle 17)*

There is

no relationship between the length of the inattentive period and
the ambient temperature (Fig. 15)-
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Table 17• Per cent of inattentive time of total time of
observation at two nests of the Water Pipit.
Time in minutes.

Nest

19
67

Total
Time

605
479

Total
Inatt•

^ Inatt.
of total

^0 Inattentive
Female feeds
herself

3 3.08
26.31

299
171

20.08
18.97

^ Inattentive
Male feeds
Female

19.55
11.29

An incubating female can be approached to about 1 m.

If I

stopped at this distance and then continued again the female would
flush.

On the other hand if I approached to within 1 m but kept

walking the female would in general not flusii.
true toward the end of the incubation period.
to be touched before she would leave her eggs.

This is especially
The female of W3 had
When a female

flushes she may either just fly off the nest or she may go through
a broken wing act.

This latter behavior was less frequently ob

served than the former; and the type of behavior was characteristic
of particular females.

Incubation Temperatures
Two hummock nests, W19 in 1963 and N 6 7 in 1964, both located
in the valley, were used to obtain incubation temperatures.

Al

though they were of a similar nest type, the nests were very differ
ent in respect to degree of exposure.

NI 9 was very concealed and

sunk in the ground while N 6 7 was more open (Compare Fig. 6 B and
6 C respectively).
Incubation temperatures were obtained with a hand-operated
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multi-channel tele-thermometer.
were taken:

l) broodpatch temperature (BP);

temperature (IE);

2) internal egg

3) bottom of nest temperature (NB) and 4)

ambient temperature.
MS).

The following four temperatures

Details will be reported elsewhere (Verbeek,

Although hundreds of readings were taken^ only those which

were recorded at the moment the female left the nest at the end of
each attentive period are considered here in calculating mean values
(Table l8).

These means show close agreement between the two nests,

especially so in IE and BP temperatures-

The proportionally much

lower NB temperatures in N6T are probably because of a difference in
the position of the probe.

Table l8.

Incubation temperatures of the Water Pipit. For
explanation see text- Temperatures in degrees C-

Nest 19

Nest 67

NB
Range
SE

17-73
1 5 .5 0 -1 9 . 2 5
0.3 0

1 5.83
9 .0 0 -1 9 . 7 5
0.5 1

IE
Range
SE

3 0 .2 9
2 7 .2 5 -3 3 - 0 0
0 .3 4

30.07
1 7 .0 0 -4 1 . 5 0
0.9 4

BP
Range
SE

4 0 .5 8
39-00-42.00
0.11

40.20
3 8 .00-41 . 0 0
0.l4

The BP temperature is independent of the ambient temperature
and is maintained over long periods of time during nocturnal in
cubation.

Continuous observation at N19 from 20:20 PM on 10 July

to 05:48 A M on 11 July, showed that the female maintained an average
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BP temperature of 39-72 C (39:00 to 4l:00 C)_, even though the
ambient temperature sank to - 1 C (Pig. 16).

She maintained this

average temperature without receiving any food for more than 1 3
hours.
The average IE temperature of the attentive periods, 30.29 C
and 3 0 . 0 7 C, are below the average of 3^-3 0 given by Huggins (19^1)
for 37 species of eleven orders, but they are above his lowest
record of 29*3 C for the Vesper Sparrow (poocetes gramineus).

The

IE temperatures and the NB temperatures are directly related to the
ambient temperature.

During the inattentive periods the IE temper

ature begins to drop the moment the female leaves the nest and con
tinues to drop at a decreasing rate until the female returns.
In one case, when the female of N 6 7 was off the nest for 8^
min because of the presence of a Long-tailed Weasel (Mustela frenata)
around the nest, the sun's rays fell on the eggs, and although the
IE temperature dropped initially it began to rise and was 32.5 C at
the moment the female returned.
time was ^1-2.5 C.
up to kO C.

The ambient temperature at that

After the female settled the IE temperature went

Normally the shortness of the inattentive periods pre

vents such great increases, which in this case may have led to
addling of the clutch (see below).

HATCHBTG

Eggs hatch at any time of the day or night, making it
difficult to determine the exact time span between the first and
the last egg to hatch.

I believe that usually all eggs in a clutch

hatch within 2k hours.

The eggs do not hatch at regular intervals.

In N26 four eggs hatched some time between 17; 50 PM on l8 July and
05:^5 a m on 19 July, a period of 11 hr and 55 min.

The fifth and

last egg laid in this clutch hatched a minimum of six hours or a
maximum of ten hours later.

In Nil three eggs known to have been

laid last hatched in a maximum period of 4 hr and 16 min.
Empty egg shells are removed by the female.

In one case a

female carried the egg shell in her bill and flew with it 69 m
before she dropped it.

Eggs which do not hatch are not removed

and are trampled unbroken into the bottom of the nest by the young.
Eggs which are cracked and which provide a place where the female
can pick them up are removed by the female.

NESTLINGS

Nestling Period
Sutton and Parmelee (195^) report the nestling period of one
nest as "at least 12 days ^ at most l4 days" and from the paper hy
Johnson (1933) I calculate a period of ahout 13 days.

Por my

calculations the nestling period is considered the estimated time
between the hatching of the first egg (not necessarily egg No. 1)
and the time the last young leaves the nest (again not necessarily
the young hatched from the last egg laid).

Since the actual time

of hatching or leaving of the nest is often unknown^ the following
assumptions were made.
I got to the
was found.

When the hatched young was still wet when

nest it was considered to have
When the

hatched at the timeit

hatched young was already dry it was con

sidered to have hatched two hours earlier (see ahove).

Whenever

there were two or more hatched young, the time the first young
hatched was set hack two hours èlmèscthe number of hatched young.
Since young leave the nest mainly in the morning, noon was con
sidered the last time of nest departure, unless this was known to
have occurred earlier.

In using this rather arbitrary system,

some nestling periods were calculated to last longer or shorter
than they actually did, hut since a total of 4l nests were so
treated, the

overall average should closely

approach the actual

period.

average period was found to he

l4 days, 11 hr, 21 min

The

(12 days, 7 hr, l8 min to 16 days, 9 hr, 20 min).

This period

corresponds closely to the average period of incubation mentioned
ahove.
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Brooding of the Young
I recorded whether a female flushed from the nest or whether
she was absent when I approached.

In Table 19 the number of times

the female was present is shown as a percentage of a total of 5^
visits for each age group of the nestlings.

Table 1 9 «

Per cent of time female flushed from the nest of total
number of visits. Age in days.

Age of nestlings 1 2 3 4 $ 6
$ of time
t4 6 1 50 5 6 3 0 22

T
6

8
0

9
0

10
ro

11
0

12
0

13 l4
0
0

In Table 2 0 ^ the total time of observations at N26 are shown
together with those of Johnson (1933)»

These last two tables show

that the nestlings are brooded until the fourth and fifth day.
From then on the female is on the nest only to shelter the young
from rain or sun.

Table 20.

Age of
Young
in days
0
1

4
7
1

2
4
5
6
7
9

Time spent on the nest by the female Water Pipit in re
lation to age of young. Labrador data adapted from
Johnson (1933)
Period of
Observation

Total
Time

09.12-11.42
13.27-114-. 14-9
1 5 .0 0 -17.00
1 6 .57 -18.27

150
82
120
90
233
80

125
116

63
120
130

Off
Nest

On
Nest

^ of time on
Nest of total
Timie

34
19

116

63

77
77

94
90

66
0

55 rain
0

42

191

75
66
86 rain
0
63 rain
0
0

27
17
116
23
120
130

53
1 08

0
4o
0
0

Location

Beartooth
9 >
}}
3 3

Labrador
3 3
3 3
3 3
3 3
3 3
3 3

63
On 2 3 July^ during a violent rain storm^ I observed N26 from
the blind.

The young in this nest were then four days old-

During

the heaviest part of the storm^ the female sat on the nest for 44
min continuously.

When the storm passed she left the nest, although

it was still raining lightly.

During this storm the ambient temper

ature dropped from 25 C to 5 C in one hour.

Since in general nests

are concealed there is little danger of the young getting wet.
During hail or rain showers, ambient temperatures drop considerably
so that the presence of the female must perhaps be seen more as a
brooding response than as actual protection.
Because of concealment of nests, actual exposure to direct
sunlight is confined to few of the nests and when it occurs it is
of short duration and occurs either in the morning or afternoon.
When the female does not provide shade the young were first noted
to pant when six days old.

Panting only occurs when the sun's rays

fall on the young directly and when the body temperature (taken in
the gullet) is 4o C or higher (Verbeek, MS).

Development of the Young
The young of W26 were weighed each morning some time between
05:00 and 06:30 AM.

Four of the five young were marked with fruit

coloring in one of four colors, which enabled recognition from day
to day.

The fruit coloring was applied to the natal down of the

dorsal and coronal tracts.
young were one day old.

The first weights were taken when the

Because of interference Green left after

eleven days and Red after twelve daysstayed l4 days in the nest.

Blue, Yellow and Undyed

The increase in weight follows the
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normal growth curve (Fig. IT)*

The slow increase or loss of weight

during the seventh day m i ^ t have "been caused hy had weather.

That

day there was . 8 ram of precipitation and our weather record mentioned
fog, sleet, thunder and hail.

The minimum shelter temperature for

the seventh and eighth days was -2.2 C and -2.8 C respectively.
There was again a loss of weight from the tenth to the twelfth
day.

During these days night temperatures were just helow freezing

but the days were dry.
loss in weight.

There is no obvious reason for this second

Loss in weight is not believed to be related to

the development of primaries and secondaries, since weight increases
occurred during the period these feathers broke their sheaths
(pig. 17).
As a nestling aging technique I noted when the eyes opened
and when the secondaries and primaries broke their sheaths-

It is

often difficult to determine whether an eye is open or just split
and further more within the clutch not all eyes open on the same
day and the same hour.

Whenever one nestling was found to have

open eyes the brood as a whole was considered to have open eyes.
Secondaries and primaries were similarly treated.

In Table 21

the results obtained from the Water Pipit are compared with those
of the Meadow Pipit (Davies, I 9 5 8 ).
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Table 21.

Comparison between the Water Pipit and the Meadow Pipit
(Davies, 1958) with regard to the development of the
eyes and the flight feathers of the wing.

Species

No. of broods with
Eyes open at day
Remiges out of sheath at day
4
5
6
7
8
9

Anthus spinoletta

Anthus pratensis

22

12

1

7
0

21
19

9 secondaries
l4 primaries

3

3

1

1

12

2secondaries

To check the accuracy of this method 1 noted the stages of
development of each individual primary and secondary of the five
young in M26 (Table 22).

Because of individual color marking of

these young the development could be followed from one day to the
next.

Table 22 shows that the secondaries break their sheaths

first and that this occurs on the seventh and eighth day, while the
primaries break through on the eighth and ninth day.

These results

seem to justify the field method used.

Behavior of Nestlings
During the first few days the young huddle in the center of
the nest, with their heads and necks resting on each other.

The

long gray natal down is presented to the outside while the naked
undersides are in contact with each other.

When aroused they stick

out their necks and present their bills in a circle.

During these

early days the abdominal region is very large in proportion to the
rest of the body (Fig. I 8 ).

The location of the center of gravity

in this region helps the bird to sit upright on a flat surface.

In
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Table 2 2 .

Development of primaries and secondaries in five colormarked young of the Water Pipit in West 26 » Tertiaries
are not included.

Young Age in
LEPT
days Secondaries
Primaries
6 5 ^ 3 2 1 1 2 3 ^ 5 6 7 8 9
Yellow

RIGHT
Secondaries
Primaries
6 5 4 3 2 1 1 2 3 4 5 6 7 8 9

7

8

* * * * *
* * * * * *

^

*
* * * * * * * * *

* * * * * * * *

10

8
5

*

* * * * * * * * * *

*
*

* * * * *
*

*

*

* *
*

*

*

10
Green

8

*

* * * * * *
* * * * * * *

10
8
9

9
10

*

*

* * * * * * * * *

* *

* * * *
* * *

* * * * * *
* * * * * * * *

* * * * * *

10

Undyed

*

* * * * * *

^

go_-Qg

*

* * *

* * * * * *

*
*

*

*

*

*

*
*

* * * * * *

*

* * * * * *
*

* *

this stage when I tapped the nest or touched the nestling, it kicked
itself upright with its legs and gaped.

Reaction to human vocal

sound occurred when the young were three days old, while positive
reaction to movement of ray hand over the nest did not occur till the
young were six days old.

As the young grow older their body proportions

approach those of the adults and the increased size forces the young
to arrange themselves differently in the nest.

At first there is

little system to this but by the time the young are about ten days
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Growth curves of five young of the Water Pipit in West 26.
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Two day old young of the Water Pipit
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old they usually arrange themselves in two layers with two or three
young in the front of the nest and the remainder^ partially on top of
the front row; in the hack.

The young do not remain in fixed positions

in the nest since they come to the front of the nest to deposit their
feces on the rim.

In Tahle 23 are shown the positions of the five

color-marked young of N26 on four consecutive days^ when the young
were nine to twelve days old.

Tahle 23-

Positions in relation to each other of five young of the
Water Pipit in West 26.

9 days

Age

Back row

Front row

Und

Gr

Red

Yel

B1

B1

10 days

11 days

12 days

Gr

Yel

Gr

Red

Yel

Und

Red

Gr

B1

Und

Red

El

Und

Yel

The young no longer react to human vocal sound and to movement
when seven to eight days old and they crouch deeper in the nest when
nine to ten days old.

I found the tenth day the hest time to hand the

young as they were large enough to retain the hands and not advanced
enough to leave the nest because of disturbance.

The young could he

handled in the nest until they were twelve days old hut thereafter
were fully capable of leaving if pressed.

West Sanitation
Fecal sacs were first removed hy the parents when the young
were one day old.

The rate of feces removal increased as the young

became older (Table 24).
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Feces were either eaten at the nest or carried away in the hill.
In the latter case I do not know whether they were dropped or eaten at
some distance from the nest.

The number of feces and their mode of

removal is shown for each parent in Tahle 2 5 .

Tahle 24.

Summary of observations on nest sanitation in Nest 26 of the
Water Pipit. Adjusted time is the period from the moment
either parent returns to the nest for the first time in case
I disturbed them till the end of the observation periodTime in minutes.

Age in
Days

Period of
Observation

0
0
1
h
7

06:03-06:50
09:12-11:42
1 3 s27-14: 49
1 5 ;00-17s00
16:57-18:27

Tahle 2 5 .

4o
144
82
120
79

N o . of feces removed
Male
Female

0
0
0
3
7

0
0
2
6
8

Time interval of
Feces removal

4l.O
1 3.3
5o3

Frequency and mode of feces removal hy each parent in
Nest 26 of the Water Pipit.

Age of young
In days

1
4
7

Adjusted
Time

N o . of times
Feces eaten
Male
Female

2
3
3

3
1

No. of times
Feces carried off
Male
Female

2
5

1
6

Total No.
Visits to
Nest

6
21
21

Johnson (1933) mentions that feces were consumed or carried away
and that in most cases the female removed feces.
agreeI

JVJy results do not

since the female spends most of her time on the nest during

the first days (see Tahle 19) the male removes proportionately more

TO

feceso

After the brooding period is over both

approximately equal frequency, at least to the

sexes remove feces at
seventh d a y .

When the young were small (one to about eight days), the
parents picked up feces in the nest from among them.

On the fifth

day, for example, I noticed the female "check the young to see whether
they had any feces to produce.

I saw her lift up one young, so that

his anal region stuck up in the air.

As the feces appeared she seized

it and ate it" and again "the young seemed to present his anal region
so the male could pick up the feces when it appeared" (quotes from
field notes).

When the young get older they deposit their feces on

the rim of the nest.
When I picked up a nestling, it usually defecated.
manner one fecal sac fell about 25 cm away from the nest.

In this
When the

female came to the nest to feed the young she noticed it and ate it.
In another case the male flew off with a fecal
about 1 m from the nest.

sac and dropped it

He then swooped down and ate it.

Once the

female dropped most of a fecal sac near the nest but she did not
retrieve i t .

FLE D G L I N G S
Fledgline Period
The 22h nestlings which successfully fledged had all "been handed
at ahout ten days of age, with aluminum U.S. Fish and Wildlife hands
and with colored plastic hands.
in combinations:

Six colors were used either singly or

red, hlue, green, pink, yellow and light hlue.

Very few hirds were ever seen again once they left the nest.
Only 1 9 were seen at least once after they had left the nest and five
of these were seen for a second time.

Young pipits are hard to see,

since they are well-camouflaged and have a hahit of hiding until the
intruder comes very close.
distance.

Then they flush and fly heavily for some

Younger hirds hide for a longer time than the older ones,

and often fly to some place and hide again, while the latter often fly
to some exposed lookout such as a rock, and watch the intruder.
During the last few days of the nestling period the juveniles
exercise their wings frequently while standing in the nest.

Young

pipits when they leave the nest are well-feathered, with short tails
(see Short, 1951)*

V^nne-Edwards (1952) mentions there is some evidence

that pipits leave the nest before they can fly.

This may he true for

part of the first day, hut after that, the young are capable of flight.
One flew ahout 20 m out of the nest when I approached it.
to catch it only after it flew away twice more.

I was able

Ey the second day

after fledging, young pipits fly, especially downhill, though in a
clumsy manner, when chased.

I do not think any ground predator is

capable of catching fledgling pipits, provided it is not taken hy
surprise.
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Thus fledgling Water Pipits can fly when they are about l4- to 15 days
old and the juvenile male^ portrayed by Short (1951), is more likely
to be of this age rather than the eleven or twelve days indicated.
Johnson (1933) says of the fledgling period:

"During the first

two weeks out of the nest young birds seemed to make little effort to
find food for themselves".

This is also true on the Beartooth;

four

young at 16; 1 7 , l8 and 2 3 days out of the nest sought food in
dependently.
The fledglings stay around the nest for the first week or so
but as time goes on they go further and further away.

If a territory

includes a rock slide or a polygon stripe, young pipits are likely to
be found there.

Behavior of Fledglings and Adults
During the first week of the fledgling period a young draws
attention to itself, when the parents come to feed it, by calling and
by wing vibrations.

They usually sit on an exposed point.

When they

get older they will fly towards the adult to receive the food, again
calling and vibrating their wings upon landing near the parent.

As

the young become more independent during the second week this foodbehavior w eakens.
When undisturbed the adults walk among the grass in search of
food.

However, in case I came near the young the adults would begin

their alarm calling.

After the young are fledged parents do not use

the broken wing distraction display, but instead they hover around the
intruder calling constantly and repeatedly land nearby.
disturbance the young freeze.

During this

BREEDING SUCCESS
Reproductive Rate
Reproductive rate is here understood as the number of eggs
laid per nest per season.
one egg are included,

Only those nests vhich contained at least

ly including incomplete clutches we arrive at

an obseirved reproductive rate, which is slightly lower than the value
obtained from completed clutches (see page 4 4 ).
The rate of reproduction of 4.36 eggs per nest in I 9 6 3 is
below that of 4.82 eggs per nest in 1964 (‘
Table 26).

As noted earlier

this is mainly because of the increased clutch size in 1964, with a
proportionate increase in 9-egg clutches and a decrease in 4«egg
clutches as compared to 1963 (Table 12).

A second reason for this

difference is loss of eggs because of predation.

The above definition of reproductive rate includes eggs laid
per season and replacement clutches.
clutch per season.

The Water Pipit has only one

The occurrence of renesting is difficult to

establish, since this can only be determined with banded adults.
Only two out of 102 birds banded in I 9 6 3 returned to the study area
in 1 9 6 4 to breed.

One of these, the female of N 6 O abandoned her nest

and territory on 6 July 1964, and did not renest on the study area,
at least.

Based on the records of the two seasons abandonment of the

nest usually goes hand in hand with abandonment of the territory.
This means that in case of renesting, habitat and nest site selection,
claiming of a territory and its defense, in short all the preliminaries
which occur before nest construction begins, have to take place-
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Since the breeding cycle takes a total of 35 to 3 8 days (about
k days for nest construction;

3 to 6 days, depending on the clutch

size, to lay the eggs, l4 days for incubation and l4 days to reach
the fledgling stage), there is a limit to renesting.

It is of in

terest to note that in both years no more new nests were initiated
after 8 July, in spite of the fact that several nests were robbed or
disturbed after this date.

The young of nests initiated on 8 July

fledged in the second week of August
in a late season, as was the case in 19^4, the possibility of
renesting is very small but in an early season, as in 1963, the
possibility of renesting should not be excluded.

It is quite possible

that the much reduced mean clutch size for the period July IO-I 8
(Table 13) represents in fact, replacement clutches.

Table 26.

Summary of breeding date of the Water Pipit.

1964

1963

Number

Number
Nests
39*
Eggs laid
170
Eggs per nest
4.36
Eggs hatched
110
Eggs hatched per nest
2.8 2
Eggs not hatched
16
Eggs lost before hatching
44
Young fledged of eggs hatched 7 8
Young fledged per nest
2.0 0
32
Young lost before fledging
Productivity

100.00

64.71
9.41
25.88
70.91
29.09
48.75

45*
217
4.82
177
3.93
30
10
145
3.22
32

100.00
81.57
13.82
4.61
81.92
18 .08
66.82

* Not including those nests which were disturbed by me or other
people.
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Survival and Productivity
Survival is here understood as the number of eggs hatched and
the number of nestlings fledged in a population.

Both these numbers

can also be expressed as percentages (Table 26).

Here too the 1964

season was more successful than the previous one.

Only 2.82 eggs per

nest hatched in I 9 6 3 versus 3*93 eggs per nest in 1964.

The low

hatching success in I 9 6 3 was mainly because of loss of eggs before
hatching, which amounted to 2^.88% of all eggs laid.
Productivity

or the number of young fledged of total eggs

laid expressed as a

percentage (Table 26), for the two seasons

averaged only about 5 8 ^.

The number of young fledged per nest (per

pair) was 2.00 in I 9 6 3 versus 3-22 in 1964.
Low survival has been recorded by Sutton and Parmelee (1954)
on Baffin Island.

Of 6 9 eggs in l4 nests three young were known to

have fledged and another 12 possibly fledged.
tivity of 2 1 .7 4 ^.

This gives a produc-

This percentage could have been slightly higher

since not all nests were visited daily, so that some young could have
fledged unnoticed.
Only one out of nine adult females and four out of 7 8 fledglings
banded in 1963 returned to the study area the next year.

Therefore it

is not possible to calculate any further survival trend in the popu
lation, beyond the time the young fledge.

Because of the extensive

availability of suitable habitat and the dissected nature of the
Beartooth Plateau, some birds could well have renested on the plateau,
near the study area but on the other side of the canyons.
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Mortality
Under this heading are included all losses of eggs and nest- '
lings.

Losses of eggs are divided in two types;

those eggs lost

because they failed to hatch (infertility, arrested development, etc.)
and those eggs lost because of various factors listed in Table 2 7 ,

Table 2 7 .

Losses of eggs in nests of the Water Pipit because of
factors other than failure to hatch.

Cause
W o . of
Eggs

Predation
Eggs broken*
Eggs buried**
Wests deserted
Total
*
**

ho
2
2
13
57

1963
W o . of
Wests

14
2
1
4

fo

70.18
3.51
3.51
22.80
100.00

Wo. of
Eggs

10
20
30

1964
W o . of
Wests

4
5

I0

33.33
—
—
66.67
100.00

Broken in handling
Pocket Gopher (Thomomys talpoides) digging

Since Table 26 indicated a rather high loss of eggs in 1964
because of failure to hatch I suspected that my handling of some
eggs, as described above, was instrumental in this increased hatching
failure.

In order to determine the possible influence of handling

the eggs on hatching success, I calculated the number of eggs weighed
in nests in which no other losses occurred and the number of eggs in
these nests which failed to hatch.
eggs of which were not weighed.

The same was done for nests the

The latter results give the true

hatching success - number of eggs hatched of number of eggs laid.
This amounted to an average of 90.65^ (Table 28).

By taking the per

cent failure of the non-weighed eggs each year and the total number
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Table 28.

Hatching success of the Water Pipit.

Year

N o . eggs
not
Weighed

1963
1964

57
151

Year

N o . eggs
Weighed

N o . eggs
Hatched

1963
1964

36
43

32
32

No. eggs
Hatched

N o . eggs
not
Hatched

52
136

5
15
N o . eggs
not
Hatched

4
11

ÿ Failure

8.77
9.93

Calculated
natural
failure
to hatch

3
4

Calculated
hatching failure
because of
handling

1
7

of weighed eggs respectively, the theoretical loss can be calculated
for the weighed eggs.

It appears that my handling of the eggs

caused the loss of one egg in I 9 6 3 and seven eggs in 1964, a number
considered insignificant in the total productivity considered above.
Two nests, NI 9 and N 6 7 , used to obtain incubation temperatures,
are not included in the breeding success calculations, but need special
mention.

In both these nests I had to remove two of the five eggs in

order to accomodate the eggs used to obtain the incubation temper
atures.

Nest 1 9 was eventually robbed of all its eggs and the eggs

of N 6 7 failed to hatch.

In the case of NI 9 it is possible that my

activity around the nest plus the thermocouple leads leading to it
drew attention to the nest.

The failure of N 6 7 to hatch her eggs

could have been because of overheating, as mentioned earlier, or
possibly because of my interference.
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Egg losses other than failure to hatch are mainly caused, hy
nest desertion and predation (Table 2 9 )„
deserted.

A total of nine nests were

This figure includes N77, which was disturbed by frequent

visits of tourists.
because 1 used

One female deserted her clutch of five eggs,
the nestlings of a nearby nest to obtain adaily

picture record of feather development.

IV^y activities

around the nest

upset the adults of that nest and they in turn alarmed all other
birds around them.

The other seven desertions were all because of

my activities near the nests.

Desertion was most frequent early in

the incubation period, and in no case did the birds desert nestlings
regardless how much time I spent around the nest.

Table 29»

Factors
contributing to loss of nestlings of the
Water Pipit.

Cause

1964

1963

W o . of
Nestlings
Predation
Trampling by sheep
Buried by gopher
Parasites & Disease
Unknown
Total

16
3
3
6
k
32

No - of
Wests

5
1
1
2
1

No. of
Nestlings

50
9 .4
9 .^
18 .8
1 2 .5
100.1

21

=
6
5
32

No. of
Nests

%

6
2
5

6 5 06
1 8 .8
1 5 .6
100.0

One nest was lost because of the digging activities of a
Pocket Gopher-

On 1 7 July there was a small gopher hill about 50 cm

from the nest.

From then on all the activity of this gopher was con*

centrated near this hill so that on 26 July, the hill had spread to
within a few centimeters of the nestwas completely buried.

The next morning the nest

When I dug it out, there were two eggs
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and three young,
Most eggs

one of which was still alive,
and young were lost hy

predation (Tables 2J and 2 9 ).

On the Beartooth Plateau probable predators are the Deer Mouse
(Peromyscus maniculatus ) and the Long-tailed Weasel.

The Deer Mouse

was very common during the summer of 1 9 &3, when the population
reached a peak.

The population declined during

1 9 6 4 , and there were

very few Deer Mice in 1964

the winter of19&3(Pattie, MS).In

seven cases of predation of eggs and nestlings in I 9 6 3 I put a livetrap in front of the nest and in four of these I caught Deer Mice
during the night after the robbery occurred.

In several instances

feathers strewn around the nest entrance, betrayed a fierce battle
between the adult bird, probably the female, and the predator.

In

1 9 6 3 no adult females were known to have been killed on the nest.

From a few eggs which were not completely fragmented it appears that
the mice puncture the eggs at the pointed end.

In many cases,

especially where the young were too small to escape, all nestlings
were killed and partially eaten (Fig. I 9 ).
Comparison of Fig. 2 7 and 2 9 shows that in I9 6 3 four times
more eggs were lost than in 1964, while the loss of nestlings in
both years was about equal.

It appears then, that the Deer Mouse is

mainly an egg robber.
In spite of the presence of the Brown Lemming (Lemmus
trimucronatus ) and the Varying Lemming (Dicrostonyx groenlandicus )
none of the pipit fledglings reported by Sutton and Parmelee (l95^)
from Baffin Island showed any sign of having been killed by rodents.
They blame foul weather for the heavy mortality they observed.
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To what extent the Long-tailed Weasel was a predator of pipit
nests in 1963 is unknown.

There were two weasels known on the study

area and since one was seen carrying a vole, there may have been a
litter.

In 1964 weasels seemed more abundant since they were seen

more often and in larger numbers, up to five in one group (Pattie,
pers. comm.).

Because of the small number of mice and the relative

large number of weasels in 1964, I feel that weasels were the main
and perhaps the only predators of pipits in 1964, preying mostly on
nestlings.

In all cases of predation in 1964, most eggs and all

nestlings were gone from the nest and no chewed remains of nestlings
were left in the nest, in contrast to 1963females were found in front of two nests.
the skull, the other had a punctured chest.

Fig. 1 9 .

In addition two dead
One had been bitten in
Most nest material of

Predation on ca eight day old young of the Water Pipit.
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nests molested in 1964 was torn out and the same thing was observed
in several nests which were apparently visited after the young of
these nests had fledged.
fresh weasel droppings.

In front of one of these nests I found
It seems that after the crash of the mouse

population the weasels were taking a heavier toll of the pipits, a
source of food which to them is apparently secondary to m i c e .
Many raptors frequent the alpine meadows toward the end of
July and throughout August, the most common of which are the Marsh
Hawk (Circus cyaneus) and the Prairie Falcon (Falco mexicanus).

I

never observed any pipit being caught by these species or by any
other raptor.

It is almost certain, however, that some fledglings

fall prey to the Marsh Hawk, since the latter works the meadows
rather closely and carefully.

A Prairie Falcon once swooped at an

adult pipit, but missed and did not resume its attack.

REA.CTIOWS TO OTHER BIRRS ANR MAMMALS

On 6 July I 9 6 3 , while I observed NI 9 from the blind, a Long
tailed Weasel appeared behind the blind and out of sight of the in
cubating female.

The weasel was chasing a Water Vole (Microtus

richardsoni ) among the hummocks.
aware of the weasel*s presence.

Neither male nor female pipit was
In contrast, on 8 July 1964 a Long

tailed Weasel appeared near the blind at N6T, while the female was
incubating.

Its presence was announced by the male who acted very

excited and called alarm.

When the weasel appeared between the nest

and the blind the female flew toward it and swooped at it repeatedly
while the weasel ran off, dodging among the hummocks.

The female was

off the nest for a total of 84 minutes, the longest inattentive
period recorded.
On another occasion, T July 1964, the male of N6l chased away
a Golden-mantled Ground Squirrel (Citellus lateralis) which got very
close to the nest, while the female was incubating.

Whenever the

ground squirrel sat quietly, the male pipit dove at it, never getting
closer than about a meter.

When the ground squirrel ran, the pipit

came very close from behind, so that it looked as if he actually
touched the squirrelLark.

Similar behavior was noted in the Horned

During this chase the female remained on the nest.
The reactions of pipits toward a Coyote (Canis latrans) and a

Badger (Taxidea taxus) were similar.
stayed at a safe distance.

The pipits followed them but

The birds hovered over these mammals or

sat on the ground at some distance, while calling excitedly.

When

the intruder moved on, the birds flew up and settled again nearby him.
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Only once did I o"bserve any hostility between pipits and
Horned Larks^ even though two lark nests were situated within 6 m
of two pipit nests.

On the one occasion, a male lark chased away a

pipit when the latter came to the lark's nest in response to the
calling of the young larks.
The only Brewer® s Blackbird (Euphagus cyanocephalus) seen on
the study area, a male, was chased by a pipit when he flew over the
valley.

Although the pipit never c a u ^ t up with the blackbird, the

pursuit continued over the length of several territories.
The appearance of the Prairie Falcon silenced the pipits but
when a Marsh Hawk appeared the adult pipits seemed to show less
concern.

FOOD
Feeding Rhythm

and Behavior

around the Nest

Thç exact time

of the first

feeding of nestlings isunknown

but can be roughly calculated.
night of 1 8 - 1 9 July.

Four young of N26 hatched during the

IBhree of the young were still wet when I

flushed the female on I 9 July at 05s ^5 AM.

I entered the blind at

0 6 : 0 3 A M and noticed the male bringing food to the young at 0 6 :l8 AM.

As noted before, the earliest time the male of NI 9 fed the female
while she was still incubating, was at 05:^8 A M on 7 July 1 9 6 3 and
the male of N 6 7 fed his mate as early as 0^:20 A M on 8 July 1964.
Johnson (1933) reported feeding of the young at 04:30 A M and possibly
earlier in a nest she observed in Labrador.

From this combined

information the first feeding at N26 occurred six hours or less
after hatching.
Both parent birds help to feed the young.

Since the female

broods the young intensively during the first four or five days, the
male

brings food more often than she does during this period (Table

3 0 ).

After the first four to five days both parents visit the nest

equally often.

As the young get older the time interval between

feedings becomes shorter.

In Table 30, feeding intervals have been

calculated from an "adjusted observation time".

Often when I

approached and entered the blind the parent birds would be very
agitated and reluctant to return to the nest.

In one case, for

instance, it took 2 8 min before the male came to the nest in order
to feed the young.

The adjusted observation time then is that part

of the total observation period starting at the moment the first
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feeding occurred till the end of the observation period.

Johnson

(1 9 3 3 ) did not find a shorter feeding interval with an increase in
age.

This is possibly because she did not adjust her observation

time.

The same author also mentions that "rain and fog did not seem

to retard feeding activities of the parent birds".

own ob

servations show that during one rain storm the young were not fed
by either parent for a total of 44 min.
During the brooding period the male gives all or part of the
food he brings to the nest to the female and she gives it to the
young.

During this period the female leaves the nest at times,

apparently to feed herself, because oh her return to the nest she
does not always feed the young.

When the female is gone at the time

the male comes to the nest he feeds the young himself.

Later on,

after the brooding period, when the female fully participates in
feeding the young the male feeds the young directly at all times.

Table 30.

Age in
Days

0
0
1

4
T

Summary of observations on feeding rhythm in West 26
of the Water Pipit.

Period of
Observation

06:03-06:50
0 9 :1 2 -all: 42
1 3 ;2 7 -1 4 : 4 9
1 5 :0 0 -1 7 : 0 0
1 6 :5 7 -1 8 : 2 7

Adjusted No- of times
Time
Jfele feeds

4o

4

l44
82
120
10

11
2
12
10

No. of times
Female feeds

Feeding
Interval

0
5
0
9
11

10
9
1 3 .7
5 .7
3 .8

Competition among Nestlings for Food
The growth curves (Fig- IT) indicate that all young increase
in weight steadily and about equally.

Also, as shown before, po
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sitions in the nest change so that none of the young sits in the
front TOW y where one would expect it to receive more food, constantly»
From these two facts it seems that there is little if any competition
for food among the nestlings.

Competition between Pipits and other Birds for Food
There are only two other breeding species of birds on the
study area, besides the Water Pipit.

These are the Horned Lark and

the White-crowned Sparrow (Zonotrichia leucophrys).

A fourth species,

the Black Rosy Finch (Leucosticte tephrocotis atrata) utilizes the
area for feeding purposes but does not nest on the study area proper.
The latter species nests in the cliffs on the west and east side of
the study area.

These four species were all present on the days of

my arrival on the study area each June.
The order of abundance of these four species, based on the
number of nests found and from daily observation is given in Table
31.

I made no attempt to find the nests of Black Rosy Finches and

most of the Horned Lark nests and the two White-crowned Sparrow nests
were found by accident.

Table 31-

Species

Abundance of the three breeding species of birds and the
Black Rosy Finch on the study area.
Order of
Abundance

Water Pipit
Horned Lark
F inch
Black Rosy :
White-cr. Sparrow

1
2
3
if

No. of nests found
1963
196k
k-j
h
—
2

51
11
—
0

No. of nests estimated
1964
1963
60
6
2

60
15
—

8t

These three nesting species differ in hahitat and nest
site selection, although some overlap occurrs.

Segregation of all

four species is also accomplished hy feeding hahits and hy the type
of food eaten.
Early in the spring, when the plateau is mostly covered hy
snow, the Black Rosy Finches feed along the edges of the melting
snow fields.

Very seldom are they seen on the snow itself and if

they do, it is near the edge.

French (1959) says; "the Black Rosy

Finches show definite preference for foraging on and ahout snow
hanks".

Continued thawing in spring provides a steady supply of

food around the snow fields.

Food is easily seen since the ground

close to the snow is still free of new vegetation.

Later on, when

the snow hanks are gone, the finches feed in sparsely vegetated
areas near the cliffs.
the study area.

During this period very few are seen on

The number of finches again increases toward the

beginning of September when they move ahout in flocks of up to
1 5 0 hirds.

Stomach analysis of TO adult hirds, collected from June to
August in western Wyoming, Montana and northern Utah showed a con
tent of 97^ seed and 3^ animal matter (French, 1959)-

The same

author states that young are fed insects mainly and hy the time they
are nine days old, they receive some seeds too.

When the young

leave the nest seeds form the main diet with a few insects.

Since

the young remain in the nest for ahout I 8 to 20 days and since the
adults gather food for the young in habitats other than those used
hy pipits, competition for insects is insignificant.
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Wlxite-crowned. Sparrows were never seen on the snow.

On uoy

arrival on the study area the willow patches and parts of the hum
mocks were partially free of snow.

The sparrows fed along the run

off channels and in marshy vegetation.

In this hahitat they were

seen throughout the summer.
During spring both the Water Pipit and the Horned Lark feed
extensively on^ rather than at the edge of snow fields.

It is per

haps of significance that both species have a long halux and a
walking gait, rather than the short halux and a hopping gait found
in the two fringillids.

To determine how important the snow fields

are in the feeding economy of these two species, I made observations,
in 1 9 6 3 , on the number of pecks per minute the birds made on the
snow and among vegetation (Table 32).

It is assumed that with each

peck one food item is consumed.
Although the samples are small, they do show a trend.

It is

easier for the birds to obtain food on the snow than among vege
tation.

This is emphasized by the feeding behavior of these two

species in the two areas.
item to the next.
easily visible.

On the snow the birds run from one food

Ho time is lost in finding food since it is
The amount of food a bird can consume depends on

its speed and on the density of the insects on the snow-

Among

vegetation both species walk slowly, searching for food.
The presence of wind-blown insects on high altitude snow
fields has been known for a long time (klani, 1962).

On certain

days, especially those with much sunshine and moderate winds, many
insects are found numbed or dead on the snow.

When the weather is
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favorable for several days in a rov, the number of insects on the
snow increases.

Strong winds remove much or all of the food from

the snow.
Snow fields could be important ir^ the bird's energy budget,
since the birds can then spend less energy on self maintenance and
more on reproductive activities, such as territorial defense.

Thus

it is probably advantageous for a pair of pipits to have part of a
snow field in their territory.

Table 32.

Feeding rate of the Water Pipit and the Horned Lark on
snow and among vegetation.

W

On Snow
Pecks/Min

Range

9
3

4 3 .1
3 8 .3

3 2 -5 9
3 3 -4 9

Species

Water Pipit
Horned Lark

Among Vegetation
Pecks/Min

5,
2

7 .8
21.0

Range

I-.I9
1 9 -2 3

It has been stated by Drury (1 9 6 I) that pipits in general
feed in thicker, moister vegetation, while larks feed in drier
sites.

observations agree with this.

Pipits feed regularly

along stream banks and on occasion may be seen to feed shank-deep
in water.

Larks are not found in these situations and they tend

to avoid dense vegetation.
The summer diet of three Horned Larks at Indian Harbor,
Labrador, consisted of 52^ insects and 48ÿ seeds (Cottam and
Hanson, 1938).

Martin et al (I9 5 1 ) report stomach contents of 34

summer birds to consist of 67^ plant material.

On the Beartooth

Plateau, twelve adults taken between l4 June and 1 September had a
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stomach content of

insects and 22^ seeds»

Six nestlings in July

had 100% insects in their stomachs (Verheek^ MS)»
Martin ej^

(1951 ) reported stomach contents of 19 adult Water

Pipits in spring to consist of a trace of vegetable matter, and 1% plant
material in 26 summer birds, the remainder being insects.

On the Bear-

tooth Plateau, 51 adult birds and 11 fledglings had a stomach content
of essentially 100% insects (Table 33).

The small amount of plant

material found consisted of hard seeds which may have been picked up
to serve as grit.

Table 33»

Stomach content of 51 adult and 11 fledglings of the Water
Pipit on the Beartooth Plateau. Weight in grams.

Age

Period

Adult

20-30
June

Fledg
ling

INSECTS
SEEDS
GRIT
No. of stomachs
No. of stomachs
No. of stomachs
Empty Full Mean
Empty Full Mean
Empty Full Mean
Content
Content
Content
Weight
Weight
Weight

12

0.07

12

3

9

0.01

7

10

0.01

0

20

0.01

July

1

16

O-OT

17

Aug.

1

19

0.06

16

1- 6
Sept.

-

2

0.09

2

0

2

o.o4

7-31
Aug.

-

9

0.05

9

-

8

0.02

2

0.07

“

—

2

0.02

1- 9
Sept.

k

2

Tr

Tr

The stomach content of 25 nestlings (Table 3^) of ages four
days to l4 days consisted of insects and grit.

Most of these nest*
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lings, if not all, died during the night, so that part of the food
was digested and had left the stomach «

In spite of this, the stomach

of the nestlings contained on the average more food than in the' adults

(Cable 3 4 .

Stomach content of 2 5 nestlings of the Water Pipit on the
Beartooth Plateau. Weight in grams-

Days

k
4-5
5
6
7 -8
9
11
12
13
l4

days
days
days
days
days
days
days
days
days
days

W

Insects

1
2
2
2
2
3
4
4
4
1

0 .1 1
0 .1 8
0 .1 0
0 -0 6
0.l4
0 .2 3
0 .0 2
0 .1 1
0 .0 5

Seeds

———

Grit

0 .0 3
0 .0 1
0 .0 6
0 .2 8
0 .1 7
0 .0 7
0 .2 3
0 .1 6
0.04

The presence of grit in the stomachs of nestlings is probably a
common phenomenon but has not to my knowledge been reported.

In the

field I first noticed the presence of grit in the feces of the nest
lings .

Grit was first found in four to five day old young and did

not occur in younger nestlings.
amounts than

in the adults.

0 .4 7

in their stomach.

of grit

Grit was also present in larger

Two young in W43 had as much as 0.35 and
In addition to this grit, mainly

quartz, two stomachs contained grit-sized

balls of silver paper and

in three other nestlings I found microtene molars and a sciurid molar.
Grit was also found in the stomachs of adult and nestling Horned
Larks (Verbeek, MS).
In summary the Water Pipit has little competition for food
from the White-crowned Sparrow and the Black Rosy Finch since the
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latter two are seed eaters as adults.

These two species feed insects

to their young hut since the finches did not frequent the study area
when they had nestlings and since the sparrows were present in in
significant numbers ; the amount of food taken is negligible.

The

Horned Lark, although less dependent on insects than the Water Pipit,
still takes more than 70^ of its diet in the form of animal matter
and feeds its young entirely with insects.

Competition between the

latter two species is lessened by feeding in different habitats.

POST BREEDING PERIOD
Flock Formation
When the Individual family groups begin to break up after
about two weeks^ loose associations develop among pipits.

lypical

flock behavior becomes stronger toward early September, but up to
the latest day of observation, 22 September 1963, I saw single birds.
In the middle of August, when the adults undergo molt, the
flocks are mainly composed of juveniles, but toward the end of August
and early September, when adults and juveniles are almost indistin
guishable, the flocks are made up of both, as could be determined
from birds I collected from among such flocksIn these flocks I noted chasing on several occasions.

In two

of these cases I was sure that juveniles were chasing each other, but
I am not certain that this is always the case.

Chasing was noted as

early as l4 August and as late as 28 A ugust.

Vertical Migration
The alpine environment has often been compared to that of the
arctic since both have certain features in common such as a short
summer and low vegetation.

During the transition from winter to

spring and from the summer to the autumn, the alpine weather is rather
unstable, and is characterized by periods of windy wet weather followed
by sunny and calm periods.

In contrast to the arctic, alpine birds

can quickly escape sudden unfavorable climatic changes by a short
vertical migration to areas of more favorable weather at lower
altitudes.

Water Pipits behave in this manner in the prenesting
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period^ as mentioned earlier, and in the post nesting period, as
noted helow.
In an effort to determine why on certain fall days there were
more pipits than on others, I made a census at irregular intervals,
along a route of about 1 to 2 km, which lasted about an hour to an
hour and a half.

On this census I counted all birds seen, regardless

how far away they were, as long as they were on the study area.

Since

pipits usually do not flush unless one is near them, perhaps 30 m,
the method used was essentially a strip census.

plotting the

number of birds seen against an ambient temperature - wind vaJ_ue
(mean ambient temperature divided by km of wind per hour) and snow
cover (Fig. 20) there appears to be a correlation, showing that more
birds are present when ambient temperatures are high, wind velocities
are low and when there is no snow cover.
few birds are around.

Under reversed conditions

As the weather improves the pipits are again

present on the study area.

On 7 September I saw a flock of J2 birds

while on l4 September, when the ground was snow covered and the wind
blew 2 8 . 7 2 km per hour, there were no pipits to be seen.

On 20

September, when the mean temperature was 4.4^ C and there was no
snow cover I saw a flock of 70 birds.
How long the pipits freq^uent the study area after I left I
do not know, but it can be assumed that the onset of regular snow
fall forces the birds to vacate the area.

I saw no pipits on the

study area itself, and the Beartooth Plateau in general, during the
three days I spent there from 28 to 30 December I 9 6 3 .
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Population Movement
Since fledgling and adult banded birds are seldom seen again,
it is possible that when the young become independent the local
population, or part thereof moves away (south ?) and is replaced by
other populations o

Such an argument is supported by the fact that

I noted many unbanded juveniles in the fall flocks.
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THE BREEDING CYCLE AND THE ALPINE ENVIRONMENT
In the previous pages I have given a detailed account of the
environment and the several phases of the "breeding cycle as well as
the prenesting and post nesting period.

In such treatment, the

reader may fail to see the overall picture:

the adaptation of the

breeding cycle to the alpine environment.
The alpine summer is short, running from mid June to late
August - early September, roughly two and a half months.

It is only

during this period that the weather is normally relatively stable and
dependable, with mean temperatures remaining above freezing and ab
sence of persistent snow.

During this period too, ambient temper

atures at ground level reach very high values because of intense
solar radiation, which stimulates and accelerates the growth of
plants and the rapid development of the insect fauna.

Thermal wind

activity, characteristic of the alpine regions, brings large numbers
of insects to the alpine from lower elevations, which is of im
portance to the pipits during the first weeks before the indigenous
species of insects begin to increase in numbers.
Exactly when the pipits arrive on the breeding area is not
known, but it appears, that when they do arrive, both males and fe
males are physiologically ready to commence the breeding cycle (Fig.
21 and 22).

Territories and nest sites are first selected and nest

building is then triggered by the mean ambient temperature threshold
of l4.3 C for the four days preceding egg laying.

As long as this

threshold is not reached the birds do not start with nest building
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and may in fact leave the area periodically for lower elevations in
case of bad weather.

When the threshold level is reached breeding

activities start immediately and both sexes in the entire population
seem to respond in unison (Fig. 22).

Once the cycle is set in

motion; its parts follow each other in regular sequence, each re
quiring a certain length of time characteristic of the species.

In

the Water Pipit this cycle, from the beginning of nest building to
the time the young leave the nest takes 35 to 38 days.

To this can

be added about l4 days for the fledgling period giving an overall
total of 5 0 days.
In both years most young left the nest by the end of the first
week in August.
nuptial molt.

It is in this week that the adults begin the post
The entire adult population undergoes this molt in a

five week period between (earliest record July 29 - last record,
September 3) (Pig. 21^ 22).

The molt then falls during the fledgling

stage of the young, when the latter become more and more independent
of the adults.

the first week in September both the adult and

juvenile birds are

ready for the onset of bad weather and the fall

migration.
Reproduction in the short alpine season requires rapid action
on the part of the birds.

Arrival in a state of reproductive readi

ness , so that the breeding cycle can begin as soon as the temperature
becomes high enough to trigger production of eggs, and the syn
chronization of the same state of readiness in both sexes throughout
the population are essential.

As Irving ( 1 9 6 0

) puts it:

"it

appears to be by the ordering of society rather than the acceleration
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of the individual's physiological processes that adaptation of the
breeding populations of birds conforms with the shortness of the
arctic season".

SUMMAEY

1*

The life history^ ecology and behavior of the Water Pipit
Anthus spinoletta alticola was studied in an alpine environment
from l4 June to 21 September, 19^3 and from 12 June to 20
August, 1964.

2.

The study area was 116 h of alpine tundra of the Beartooth
Plateau in Park County, Wyoming, Lat. 4^° W . , Long. 109° 30*W,
el. 3,200 m.

Climatic data are given for two seasons.

Ground

level temperature was 5-9 C higher than shelter temperature.
The 1 9 6 3 season was wetter than in 1964.

Alpine vegetation was

classified in six stand-types, each of which was characterized
by certain topographic features, soil moisture and plant species.
3-

In the pre-nesting and post-nesting period pipits moved from
the alpine meadows to lower altitudes whenever the weather became
severe and they returned as soon as conditions improved.

4.

On arrival in spring pipits occupied snow-free areas-

Dis

tribution of nests was clumped in many cases, with much of the
available area not being occupied.

Availability of snow-free

areas and the presence of tussocks, tilted rocks and eroded
areas were two habitat requirements.

In some territories

scarcity of nest sites resulted in nests being built in
previous years* sites.
5.

In 1 9 6 3 and 1964, 47 and 5I nests were found, and it is
estimated that the study area had about 60 nests both years.
Breeding bird density was one bird per hectare.
territory size of five nests was l,8lO sq meters.

The mean
Three dis-

103
plays were noted for territorial males.
6.

Three songs and seven notes were described and compared with
equivalent notations as described in the literature.

7•

Nests were built on the ground and were more or less overhung
by vegetation, sod or rock.

Four nest types were described.

Nests were found to face away from the prevailing winds.

Nest

sites were excavated and the first nest material was placed in
the form of a ring, leaving the rim and the bottom bare.
ring was widened until the nest was finished.

This

Nest material in

cluded mainly grasses but some horse hair was used.

Nest con

struction, by the female only, required four to five days.

Depth

of 37 nests, after the young had fledged, was 3*8 cm and width
at the rim, J .2 cm.
8.

Average length of 105 eggs was 1-99 cm and average width, 1.^6
cm.

Average fresh weight of 63 eggs in 1963 was 2.25 g and of

6k eggs in 1964 was 2.31 g-

The difference between mean weight

in the two years was significant at the 95^ level (t-2 .1 2 9 ).
The mean volume of 8 3 eggs was 2.1 ml.
5:00 and 06:30 AM.
1 9 6 4 , 4 .7 6 .

Eggs were laid between

Average clutch size in I 9 6 3 was 4-52 and in

The increased clutch size of 1964 was because of a

great increase of 5-egg clutches and a proportionate drop in
4-egg clutches.

Increased clutch size with an increasing

latitude was established for the species.

Egg laying commenced

at a ground level temperature threshold of l4.3 C, SD 1.9-

It

was suggested that average egg weight and clutch size were larger
when temperatures prior or during the egg laying period were high
and stable.

io4
9«

The average incubation period was l4 days, 10 hr.
female incubated.

Only the

During incubation the female was often fed by

the male, at some distance from the nest.

When fed by the male

the average inattentive period was 4.28 min, but when the female
fed herself the average inattentive period was 8.l4 min.

There

was no relationship between length of the inattentive period and
the ambient temperature.

The mean broodpatch temperature of the

two females was 4o.58 C and 4 o .20 C;

the mean internal egg

temperature in two nests was 30.29 C and 30.07 C and the mean
nest bottom temperature of two nests was 17-73 C and 15*83 C.
10.

All eggs of a clutch hatched within a 2k hour period.

Empty

shells were removed by the female.
11.

The mean nestling period was l4 days, 11 hr.
brooded until the fourth or fifth day.

Nestlings were

After that period the

female provided shade and protection in case of rain.

Nestlings

increased in weight steadily except during a day of bad weatherLoss in weight did not occur during development of primaries and
secondaries.

Eyes opened at the age of four to five days, and

secondaries and primaries broke their sheaths at the age of eight
to nine days.

The nestlings reacted to human vocal sound when

they were three days old, and to movement of my hand over the
nest when six days old.

After seven to eight days the young no

longer reacted to human vocal sound and they crouched deeper in
the nest when nine to ten days old.

Fecal sacs were eaten or

carried away by both parents and the rate of feces removal in
creased as the young grew older.
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12.

Fledglings at the age of l4 days were capable of flight.

They

became independent of the parents when about 2 8 days old.
13•

eggs per nest in I 9 6 3 and 4.82

The reproductive rate was
eggs per nest in 1964.

The difference was because of a smaller

mean clutch size and a larger loss because of egg predation in
1963.

Only one clutch per season was laid.

The possibility of

renesting during the short alpine season was considered limited
by the fact that the total breeding cycle - from nest building
to the end of the nestling period - took 35-38 days.
new nests were started after 8 July.

No more

Survival to the hatching

stage amounted to 2.82 eggs per nest in I 9 6 3 and 3 - 9 3 eggs per
nest in 1964.

Survival to the fledgling stage was 2,00 young

per nest in 1963 and 3*22 young per nest in 1964.
ductivity for the two seasons was 5 8 ^-

Mean pro

Mortality was mainly

because of predation of eggs and nestlings and failure of the
eggs to hatch.

Hatching success was 90.65^-

The Deer Mouse was the main predator in 1963 when the mouse
population reached a peak.
toward eggs.

Mouse predation was mainly directed

After the crash of the mouse population, the Long

tailed Weasel switched from rodent prey in I 9 6 3 to pipit nest
lings (mainly) and eggs in 1964.
14.

Reactions of pipits to other birds and mammals were discussed.

15.

Both parents fed the nestlings but during the first four to
five days the male fed more often, since the female brooded the
young.

Feeding rate increased with age of the nestlings.

Earliest

feeding occurred less than six hours after the young hatched.
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There was no noticeable competition for food among the nestlings.
There was no competition for food between the pipits on the one
hand and the White-crowned Sparrows and the Black Rosy Finches
on the other hand.

Stomach analysis showed that the Horned Lark

competed with the Water Pipit for insects but this competition
is lessened by the fact that they tended to feed in different
habitats.

Nestling pipits were fed only insects and their

stomachs contained grit in larger amounts than found in the
adults.
16.

Loose flocks, mainly composed of juveniles, formed in the
middle of August, when the adults underwent molt.

By the end of

August mixed flocks of adults and juveniles were seen.

Periodic

vertical migration was initiated by strong winds, low temper
atures and snow cover-

It is suggested that the birds which

were present on the study area as breeding birds leave this
area after the young are independent of the adults and that
other populations move in-
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